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Tanken med detta examensarbete var att studera möjligheten med att använda den Hol-
ländska Energiesprong energirenoveringsmetoden i finska fastigheter. Energiesprong 
metoden går ut på att modularisera energirenoveringar i fastigheter för att sänka tröskeln 
genom energirenoveringar. Examensarbetet ger information om Energiesprong metoden 
samt om metodens för- och nackdelar via fallstudien vid Kantviks skola i Kyrkslätt. Fall-
studien innehåller fastighetsmätningar som stöder examensarbetes hypotes om att mo-
dulara energirenoveringar är finansiellt hållbara i Finland samt behövs. 
 
I examensarbetet behandlas likaså aspekten ifall modulara energirenoveringar kan vara 
mera ekonomiskt hållbara som större helhetspaket istället för än som små enskilda lös-
ningar. Denna aspekt studeras via Totalmetodik metoden som analyserar energirenove-
ringar som helhetspaket istället för som små enskilda lösningar. Via Totalmetodiken räk-
nades energirenoverings helhetspaketets lönsamhet ut under en 30 års undersökningstid.  
 
Som modell för examensarbetet utnyttjades tidigare studier inom Energiesprong metoden 
från Holland och Tyskland. Med hjälp av dessa studier tillämpades Energiesprong meto-
den på examensarbetes fallstudie, Kantviks skola i Kyrkslätt. Kantviks skola undersöktes 
väl genom både tidigare undersökningar samt mätningar och ett Energiesprong renove-
ringspaket togs fram till fastigheten. Resultatet uppnåddes genom att kombinera Energie-
sprong renoveringspaketet med den kunskap och expertis om renoveringskostnader som 
Granlund Oy erbjöd.  
 
Det positiva resultatet från examensarbetet visar att Energiesprong metoden har goda fi-
nansiella möjligheter att tillämpas i sammanband med uppkommande energirenove-
ringar. 
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The purpose with this master’s thesis was to study the possibility of using the Dutch Ener-
giesprong energy efficiency renovation method in Finnish properties and buildings. The 
Energiesprong method focuses on modularizing energy efficiency renovations in buildings 
to decrease the threshold for an energy efficiency renovation. The master’s thesis provides 
knowledge about the Energiesprong method and the benefits and drawbacks with the 
method through the case study Kantvik’s school. The case study includes field measure-
ments that support the thesis’ hypothesis about that modular energy efficiency renovations 
are financially sustainable and are needed in Finland. Another aspect in the master’s thesis 
was if modular energy efficiency renovations can be more financially motivated as bigger 
renovation entireties instead of as small separate solutions. This aspect was studied through 
the total concept method that analyses energy efficiency renovations as overall packages 
instead of as different separate improvements.  The energy efficiency renovation’s overall 
package’s internal rate of return and profitability was calculated over a 30 years’ time using 
the total concept method. 
 
Earlier studies about the Energiesprong method from Holland and Germany were used as 
a model for this master’s thesis. The Energiesprong method was carried out on the thesis’ 
case study; the Kantvik school in Kirkkonummi, Finland. The case study object was exam-
ined thoroughly through earlier studies carried out on the object and through field meas-
urements that were conducted on-site. An Energiesprong energy efficiency renovation 
package was constructed for the case study. The thesis’ results were achieved by combining 
the renovation package with the data and expertise Granlund Oy have about renovation 
costs in Finland. The positive result from this thesis shows that the Energiesprong method 
can be financially motivated to be included in upcoming energy efficiency upgrades of 
buildings in Finland. 
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Tämän lopputyön tarkoituksena oli tutkia mahdollisuutta käyttää Hollannin energia-alan 
Energiesprong:n energiakunnostus menetelmää suomalaisessa kiinteistöissä. Energia alan 
Energiesprong menetelmän tarkoitus on moduloida kiinteistöiden kunnostustöitä, jotka si-
ten alentavat peruskorjausten kynnystä tekemään energia saneerauksia.  
Lopputyö antaa tietoa Energiesprong menetelmästä ja menetelmän hyöty- ja haittapuo-
lista, tapaustutkimus tehtiin Kantvikin koulussa, Kirkkonummella.  Tapaustutkimus sisäl-
tää myös kenttämittaukset, jotka tukevat lopputyön hypoteesia, jonka mukaan modulaari-
set energiauudistukset ovat taloudellisesti kestäviä ja välttämättömiä Suomessa. 
Lopputyössä käsitellään myös sitä tosiasiaa, että moduuliset energiakunnostustyöt voivat 
olla taloudellisesti kestävämpiä suurempina kokonaispaketteina sen sijaan, jos käytetään 
pieniä yksilöllisiä ratkaisuja. Tässä lopputyössä on käytetty kokonaismenetelmä, sillä se 
analysoi peruskorjauksia kattavina paketteina, yksittäisten parannusten sijaan. Kokonais-
menetelmän kautta laskettiin energiakunnostuksen kannattavuus kolmenkymmenen vuo-
den tutkimusjaksolla.  
Lopputyön projektin mallina käytettiin Alankomaista ja Saksasta aiemmin Energiesprong-
menetelmällä tehdyt tutkimukset. Näiden tutkimusten avulla Energiesprong menetelmää 
sovellettiin lopputyön tutkimukseen, Kantvikin koulussa Kirkkonummella. Tapaustutki-
mus tutkittiin perusteellisesti käyttämällä aiempia tutkimuksia sekä kenttämittauksia ja 
Energiesprong kunnostuspaketti kehitettiin tapaustutkimusta varten. Tulos saatiin yhdis-
tämällä Energiesprong korjauspaketti sekä osaamisella ja asian tuntemuksella kunnostus-
kustannuksiin, jota Granlund Oy:n tarjosi.   
Lopputyön positiiviset tulokset osoittivat, että Energiesprong:n menetelmällä on hyvät ta-
loudelliset mahdollisuudet, joita voidaan soveltaa tuleviin kiinteistöiden peruskorjausten 
yhteydessä. 
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The background to this thesis originates from writer’s interest in thermal retrofitting and 
Kirkkonummi municipality’s need for studying their building stock’s energy efficiency. 
The writer was in contact with Mikael Paronen from Arcada about making a master’s 
thesis the was about thermal retrofitting. From there was the idea of studying the modular 
thermal retrofitting Energiesprong method born. The thesis is written in 2019 in Arcada 
University of applied sciences at the master’s program real estate energy. This work has 
given the writer a comprehensive understanding of modular thermal retrofitting and the 
need for deep building stock analyses. 
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1 INTRODUCTION 
1.1 Background 
Buildings account for approximately 32–35% of global final energy consumption and 
approximately 20–25% of global greenhouse gas emissions (IEA, 2018); 
(Intergovernmental Panel on Climate Change, 2015). In Finland, buildings currently ac-
count for up to 40% of the final energy consumption and up to 33% of the total green-
house gas emissions (Statistics Finland, 2019); (Statistics Finland, 2015). The Finnish 
figures correspond accurately to the average statistics of the European Union region 
where buildings account for 40% of the final energy consumption and approximately 
36% of the total greenhouse gas emissions (Euopean Commission, 2010). 
 
Recent studies show that by 2050 nearly 70% (90% in Finland) of the world’s popula-
tion will be living in cities (United Nations, 2018) . With this increased population 
growth and energy demand in mind are we inevitable forced to build more energy effi-
cient buildings to not further accelerate the global warming process. This work includes 
building of new buildings that consume low amounts of energy, but the process also in-
cludes thermal retrofitting of the existent building mass. The goal with these actions is 
to reduce the need for fossil fuels and reduce the CO2 emissions produced by the build-
ing mass. 
 
The building sector plays a major role in restraining global climate change, due to its 
significant energy consumption, by reducing the final energy consumption and green-
house gas emissions of buildings. Improving the energy efficiency of buildings has be-
come a key objective for regional and international energy policies. According to the re-
cast Energy Performance of Buildings Directive (EPBD) (Euopean Commission, 2010), 
improved energy efficiency of buildings is maintaining a good indoor climate and ther-
mal comfort conditions by using less energy than before. In Europe, the European Com-
mission has implemented the recast EPBD  (Euopean Commission, 2010), which re-
quires all member states of the European Union to develop methods and guidelines for 
10 
 
improving the energy performance of new buildings toward nearly zero-energy build-
ings (nZEBs).  
 
In the Energy Efficiency Directive 7 (EED 7) has legally binding country specific en-
ergy savings been decided (European Union, 2018). According to EED 7 must Finland’s 
energy savings be at least 105–130 TWhkum during the period of 2021-2030. This means 
that the energy savings must be 1,9-2,36 TWh/a. Compared with today’s yearly energy 
savings is the upcoming period’s, 2021-2030, energy saving target about 35% higher. 
(Tirkkonen, et al., 2019). This means that new financial tools, like energy efficient 
mortgages, have to be introduced to financial support a transition to more energy effi-
cient economy. (EeMAP Consortium, 2017)  
 
The energy and carbon dioxide (CO2) emissions savings potential of existing buildings 
are significant compared to the corresponding savings potential of new buildings. In ad-
dition, the existing building stock is renewed slowly, on average 1–2% per year, so it is 
important to determine cost-effective renovation concepts that also improve the energy 
performance of buildings (Balaras, et al., 2005) (Nemry, et al., 2010). 
Given the current poor state of the European building stock, with 97% of Europe’s 
buildings currently deemed inefficient. It is estimated that the rate of energy efficient 
renovation must increase from 1% to 3% if Europe is to meet its climate and energy 
goals to reduce the emissions with 90%. (EeMAP Consortium, 2017). The building in-
dustry in Finland do lack up to 40% in capacity to obtain a higher rate of energy effi-
cient renovations. Thus, are new renovation methods, like the Energiesprong method, 
needed to reach Europe’s climate and energy goals.  (Airaksinen, et al., 2019) 
A study carried out by Economidou et al. (2011) indicate that the existing residential 
building sector is the largest individual building sector in the European Union 
(Economidou, et al., 2011). Residential buildings account for approximately a 75% 
share of all existing buildings in Europe. Furthermore, over 50% of the residential 
buildings in Europe were built before 1970 (Economidou, et al., 2011; Birchall, et al., 
2016). 
 In Finland, residential buildings account for a 62% share of all existing buildings, as 
determined by total built floor area. Approximately 30% of Finnish residential buildings 
were built before 1970 and 48% before 1980 (Statistics Finland, 2018). These buildings 
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must be energy renovated during the upcoming years to keep the buildings’ living and 
energy standards up to date (Airaksinen, et al., 2019). 
1.1.1 Research aim 
The first national building regulations related to the energy efficiency of buildings came 
into force in 1976. However, approximately 40–50% of the Finnish building stock has 
been built before 1976, meaning that there is a substantial number of buildings with sig-
nificant energy-saving potential included in the building stock. Furthermore, most of the 
buildings built before the 1980s already require deep renovations and retrofitting 
measures. The need for deep renovations is estimated to exponentially increase soon be-
cause the total value of renovation debt of the Finnish building stock has accumulated 
over the years. The deep renovations are estimated to cost €9.4 billion yearly in 2016-
2025, and €11.1 billion yearly in 2026-2035. The yearly deep renovations of the Finish 
building stock is almost as high as 20% of the €55.7 billion total budget of the Finnish 
government (Finnish Government, 2019; Airaksinen, et al., 2019). 
 
The research aim is to provide an alternative economically sustainable method for ther-
mal retrofitting in Finland to decrease the upcoming deep renovations cost in Finland. 
Another aim is to speed up thermal retrofitting without compromising on the quality.  
A key to success in this is to study, develop, and validate the Dutch Energiesprong 
(Dutch for Energy leap) thermal retrofitting method thus promoting further studies 
about the subject. The research aim is to improve the knowledge about thermal retrofit-
ting of buildings in Finland today and how thermal retrofitting could be conducted in 
the future. Furthermore, will the financial aspects of using the Dutch Energiesprong 
thermal retrofitting method be discussed in thesis. Another research aim is to compare 
alternative thermal retrofitting methods with the methods used today and make im-
provement suggestions to today’s buildings’ thermal retrofitting processes. 
 
The main objective of this thesis is to study and determine renovation concepts for some 
common Finnish building types that also have significant energy efficiency improve-
ments and environmental impact reduction potential.  
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1.2  Problem 
Existing buildings are challenging to renovate cost-effectively. Major researches have 
been made internationally to determine economical and sustainable renovation methods 
for various building types with various age. However, the main problem of previous stud-
ies and projects is that they have focused on individual solutions for the buildings in the 
studies. Full-scale renovation studies that includes building envelopes, technical systems 
of buildings or different energy production technologies haven’t been studied simultane-
ously. 
 
Modular thermal retrofitting (for example the Energiesprong method) methods are rela-
tively new and there have been only few projects in the EU about the subject. Modular 
thermal retrofitting has still to be evaluated in different countries before projects can be 
conducted. This means that before the Energiesprong method is used in Finland should 
additional research be made about the subject. The differences between Finland and for 
example the Netherlands should be studied at least the following things should be con-
sidered in upcoming research work; typical U-values, heat demand, energy cost etc.  Field 
testing should also be performed with the Energiesprong method to verify the difference 
found in Finland and the Netherlands. The field testing also helps in finding eventual 
problems with the Energiesprong method that can’t be found through the theoretical 
framework. With the further analysis and the field testing it mean that the method proba-
bly could at the earliest be commercially used in a couple of years in Finland. The amount 
of research and field testing could have a negative impact on the method’s popularity and 
therefore on the possibility of utilizing the Energiesprong method in Finland. 
1.3  Research scopes 
1. Can the Dutch Energiesprong method work as a cost-optimal renovation concept 
for different building types in Finland, and what measures should be applied to 
maximize the cost-effectiveness, energy performance, and environmental impact 
reduction potential in deep renovations? 
13 
 
2. What types of renewable energy production technologies can be combined with 
the Dutch Energiesprong method, if any, and how should the energy production 
technologies be dimensioned in deep renovations? 
3. Could the buildings energy performance improvement renovations be scheduled 
and combined with the maintenance of the building, and how can significant ben-
efits be obtained by combining them? 
 
1.4  Purpose 
The purpose of this thesis work is to provide knowledge about the need of thermal retro-
fitting in Finland and evaluate applicability of the Energiesprong method. This work 
will work as a guideline for further researches about the subject and improve the under-
standing about the Energiesprong method. This work is made possible by Arcada Uni-
versity of Applied Sciences, as an independent research work. 
 
The thermal retrofitting subject is relatively new at European level and is evolving 
yearly. This thesis will provide knowledge about the Energiesprong method and other 
conventional thermal retrofitting methods in Finland. The main goal with this thesis is 
to improve the understanding about energy related questions and the most common rea-
sons why the change to nearly zero energy buildings is so slow in Finland. Furthermore, 
will the thesis provide some calculations with focus on the Energiesprong method 
through a case study.  The calculations will not be exact enough to make any final deci-
sion about the Energiesprong method as cost effective method, but they will work as a 
solid baseline for further studies. The calculations will also provide some guidelines if 
the Energiesprong method is a financially viable option for thermal retrofitting in Fin-
land. Further studies in the subject should be conducted to determine the how the build-
ing mass in Finland should be energy renovated during the upcoming years, this is best 
achieved through a cost comparison for a single building vs a set of buildings. 
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1.5  Method 
The first part of the thesis will be to determine the Energiesprong method and other offi-
cial definitions. The thesis work’s boundaries are also discussed in the first part of the 
thesis and the background data is analysed. The thesis will make use of earlier studies in 
Europe about the usage of the Energiesprong method. The thermal retrofitting methods 
used nowadays in Finland will also be analysed. The theory about thermal retrofitting will 
be analysed and applied in this thesis to provide the most cost-effective way to energy 
renovate buildings in Finland. Next up is the research of the applicability of the Ener-
giesprong method’s usability in Finland. At this stage is also other renovations methods 
analysed and discussed to provide data for comparisons. After that different technical 
solutions are presented through the Energiesprong method are the most suitable solutions 
for the Finnish building mass presented.   
 
Granlund Oy have granted this thesis work access to their database and have provided the 
needed simulations tools. (Nyyssölä, 2019). The author will furthermore discuss with 
Kirkkonummi municipality about how thermal retrofitting are planned and conducted in 
their real estates. The case study, Kantvik comprehensive school, provided by Kirkko-
nummi municipality will work as this thesis case study and Energy and profitability cal-
culations will be based on this case study. The thesis uses interviews with building and 
HVAC engineers to provide professional opinions to the thesis work. 
 
The case study building, a school building, will be as earlier mentioned included in this 
thesis work. The thesis will go through how an Energiesprong thermal retrofitting could 
be conducted with the case study building and compare with a traditional thermal retro-
fitting. The results will be compared, discussed and analysed. After providing the recom-
mended renovation methods, building models with these solutions will be created and 
their energy performance simulated using the energy simulation tool, Riuska (Nyyssölä, 
2019). Riuska considers different structures, structures’ massiveness, local weather, ther-
mal loads, usage hours and so forth. The simulations data will be dissected and analysed. 
Financial calculations will be made with BELOK’s “Total Concept method” economical 
tool (BELOK, 2019).  
 
15 
 
1.6  Limitations 
There are several ways to do a thermal retrofitting of a building, but this thesis focuses 
on the modular Energiesprong method. The Energiesprong method is also compared with 
other thermal retrofitting methods. The thesis’ case study’s calculations and simulations 
are made with the initial data provided by earlier analysis, from a couple of year back, 
from the case study’s building and the data couldn’t be double checked. It’s therefore 
possible that the case study’s initial data includes errors and assumptions that doesn’t 
represent the whole building.  
 
With no earlier experience of the modular Energiesprong method use in the Finnish ther-
mal retrofitting industry, there will always be an uncertainty if the theoretical models 
work. Therefore, are additional studies needed to verify that the Energiesprong method is 
suitable for the Finnish building mass. Additional case studies with focus on different 
building types should be made in upcoming studies about the Energiesprong methods to 
find the most cost-effective building type to use with the Energiesprong method usability 
in Finland. Further studies should also cooperate with different building component sup-
pliers to make experimental building elements that can be installed on upcoming case 
study objects. 
 
2  THERMAL RETROFITTINGS 
Significant financial savings are achieved by thermal retrofitting of buildings, that is, 
through increase in energy efficiency. The term “thermal retrofitting” implies, among 
other things, increasing the heat retention of the building’s envelope, replacement of 
outer window and door frames and replacement or upgrading of the heating system. 
Thermal retrofitting can also include upgrades to the building’s internal lightning as 
well as adding/optimizing the building’s automation system. It is estimated that the rate 
of energy efficient renovation must increase from 1% to 3% if Europe is to meet its cli-
mate and energy goals to reduce the emissions with 90%. (EeMAP Consortium, 2017) 
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Energy-efficient houses provide a higher standard of living, while achieving significant 
financial savings (from 30% to 60% savings can be achieved.) 
Eventually, will the reduction of energy consumption, especially through fossil fuels, 
leads to a reduction in carbon dioxide emissions, which decrease the environmental pol-
lution. (Kivimaa, et al., 2019) 
2.1.1 Net-zero energy and Nearly zero energy buildings 
Net-zero energy(NZE) buildings’ used energy is equal to the amount of energy provided 
by on-site renewable energy sources. With other words do an NZE building generate the 
equivalent of energy needed for its space heating, hot water and powering appliances. 
Net-zero homes aren’t cost-effective in Finland because of the climate. A more common 
buildings solution in Finland is the Nearly zero energy building (NZEB). NZEB’s are 
buildings with very high energy performance and their energy requirements are covered 
by renewable energy sources to a significant extent. (Kivimaa, et al., 2019).  
 
Figure 1 shows that the net-zero energy use can be achieved easier if a building is first 
energy renovated to decrease the building’s energy need. A net-zero energy balance is 
more easily achieved if the needed energy supply for the building is low. The EU has set 
a requirement for all new buildings to be nearly zero energy by the end of 2020. In Fin-
land, nearly zero energy applies to buildings for which permits are applied from 2018 
onwards.  A system change to nearly zero energy buildings has been initiated in Finland, 
but the building sector is still far from the nearly zero energy level. (Kivimaa, et al., 2019).  
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Figure 1 Energy efficiency is the key, Source: Anne Grete Hestnes NTNU 
2.1.2 EU funded projects on Energiesprong 
Horizon 2020 is the biggest EU Research and Innovation program ever with nearly €80 
billion of funding available over 7 years (2014 to 2020). Horizon 2020 is the financial 
instrument that is part of the European union 2020 flagship initiative aimed at securing 
Europe's global competitiveness. Horizon 2020 is open to everyone, with a simple struc-
ture that reduces red tape and time so participants can focus on what is important. This 
approach makes sure new projects get off the ground quickly and achieve results faster. 
(European Union, 2013) 
 
Transition Zero is an EU Horizon 2020-funded project, that was active 2016-2018. The 
project’s idea was to establish the right market conditions for the scaled introduction of 
net zero energy homes across Europe (Energiesprong). The Transition Zero project made 
Net-Zero Thermal retrofitting a market reality in the UK, France and The Netherlands. 
The Transition Zero project increased the demand of net-zero thermal retrofitting by im-
proving the financial, planning and regulatory environments of thermal retrofitting in 
these countries. Social housing organizations, real estate financers and governments were 
contacted in the project to improve the Energiesprong method. (The National Energy 
Foundation, 2016) 
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Interreg North-West Europe (NWE) is a European territorial cooperation program, active 
2014-2020, funded by the European commission with the ambition to make the North-
West Europe area, consisting of Ireland, the United Kingdom, Belgium, Luxembourg, 
Switzerland, and parts of France, Germany and the Netherlands., a key economic player 
and an attractive place to work and live, with high levels of innovation, sustainability and 
cohesion. The program invests EUR 370 million euros in activities based on the cooper-
ation of organizations from north west Europe (Nweurope, 2019).  
The most interesting project of the Interreg NEW program is the MUSTBE0 project as it 
further develops the Energiesprong method for apartment buildings. The Multi Story 
building E=0 refurbishment (MUSTBE0) project idea is to develop a market for afforda-
ble, desirable, long-term performance guaranteed (instead of theoretical performance) net 
zero energy (NZE) retrofits for apartment buildings. A new business model uses money 
spent on energy bills and maintenance work to pay for the retrofit. This way, residents 
get a modern, warm and comfortable home at the same cost of living. The program hopes 
to achieve 100.000 retrofits by 2025 and 400.000/year by 2030. By end of the project is 
it projected that retrofits have achieve 7.5 GWh/year of primary energy savings (and 1414 
tons CO2/year). (Nweurope, 2019) 
 
The energy efficient mortgages action plan (EeMAP) initiative is a market-led initiative 
focusing on the design and delivery of an “energy efficient mortgage”, which is intended 
to increase and channel private capital into energy efficiency investments. Further is the 
energy efficiency data protocol and portal (EeDaPP) Initiative intended to both comple-
ment and build on the EeMAP Initiative by addressing the current lack of large-scale 
standardized energy efficient asset datasets. The EeDaPP initiative will help to develop a 
market for energy efficient financing through transparency and comprehensive risk anal-
ysis. (EeMAP Consortium, 2017) The EeMAP and EeDaPP initiatives are funded through 
the EU’s Horizon 2020 research and innovation program. (European Union, 2013) 
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2.2 Thermal retrofitting’s’ quality control and the need for con-
trol 
To measure quality in construction, both quality assurance and quality control are critical 
and ensure a project is executed according to standards. It’s also necessary to understand 
what quality means in general on a project. 
 
Quality control is a process employed to ensure a certain level of quality in a building 
thermal retrofitting project. It may include whatever actions a business deems necessary 
to provide for the control and verification of certain improved energy standard. The basic 
goal of quality control is to ensure that the thermal retrofitting provided to the customer 
meet specific requirements and in a good shape. Most commonly, there are a few factors 
that typically determine the quality of a thermal retrofitting project (Kibert, 2016): 
 
• Completing the project on schedule 
• Meeting the owner’s energy requirement within budget 
• Fulfilling the specification mentioned in the contract 
• Avoiding disputes claims 
• Ensuring that the building performs as intended  
• Keeping costs in budget 
 
Quality control is critically important to a successful construction project and should be 
carefully supervised during a project from conception and design to construction and in-
stallation. Inspections during the construction phase will prevent costly repairs after the 
project is completed. Defects in energy efficiency improvement works can result in very 
large costs. Even with minor defects, re-construction may be required. Thermal retrofit-
ting’s quality control can help to reduce construction costs by lowering levels of waste 
and rework, cutting costs and improving productivity and production efficiency (Kibert, 
2016). 
 
Quality assurance is, the planned and systematic activities implemented in a quality sys-
tem so that quality requirements for a product or service will be fulfilled. Quality assur-
ance is primarily used by owners, the project financers and developers to evaluate how 
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likely a contractor will achieve the projects specified conditions and design standards. 
Quality assurance is measured before a project begins and while a building is undergoing 
construction. To improve overall quality on a project, it’s essential to have both a quality 
assurance plan and a specific set of standards for overall quality control. (Kibert, 2016) 
 
Energy measurements are a vital part of energy efficiency improvement projects quality 
control. By energy measurements can the project’s energy efficient improvement success 
be judged, as an unsuccessful project’s measured energy usage can vary with over 10% 
when compared with the design data and calculated energy usage and the projected sav-
ings are maybe never achieved (Vinha & Raunima, 2019). It’s therefore important to 
know the building’s real energy performance before planning any energy efficiency ren-
ovations. In this way can project’s energy efficiency upgrades be better verified and fi-
nancially analyzed as the designer has real measured data (IEA, 2014).  
2.2.1 Different quality control methods  
Air tightness is an important part of a building’s energy performance. Air leakage is a 
natural ventilation source in old buildings. The air leakage of buildings is an uncontrolla-
ble heat loss from the buildings that increase the energy need of the buildings. Further-
more, do big air leakages produce drafts in the buildings and decrease the buildings oc-
cupants’ comfort. Air tightness can be measured through the traditional blower-door 
method through a 50 Pa pressure difference or with the new PULSE method. The PULSE 
method is a new rapid low-pressure measurement test of building’s air leakage. The prin-
ciple of PULSE method is that the PULSE unit release a about 5 Pa pressure peak to the 
building. This method measures the building’s whole envelope. Benefits with the PULSE 
method are mainly the rapidness of the method. The testing of single-family home can be 
made in less than an hour. Another benefit with the PULSE method versus the blower fan 
door method is that PULSE measure the air leakage at more typical infiltration pressure 
of 5 Pa instead of 50 Pa (Build test solutions, 2019). 
 
Moisture measurements in buildings are often made during the building process to avoid 
building defects. In this way can the building materials’ moisture level be controlled dur-
ing an energy efficiency building construction process before the installation of vapor 
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tight layer and in this way can moisture problems be avoided during the energy improve-
ment process. Moisture measurements can also be made non-intrusive on building con-
structions before an energy efficiency project to find potential problem parts of the con-
structions. For example, can a construction’s surface material’s moisture level be meas-
ured through a capacitance meter. The capacitance meter is fast measurement method to 
detect potential water leakages of wet insulation materials (Leskelä, 2013). 
 
The rate of thermal transmittance through building elements contributes significantly to 
the overall energy efficiency of a building. The lower the U-value of an element of a 
building’s material, the more slowly heat can transmit through it, and so the better it per-
forms as an insulator. Regardless of the construction, the in-situ U-value of a floor, wall 
or roof element can vary significantly from a calculated value. Even the same building 
part’s U-values can be vastly different at different measure points (Vinha & Raunima, 
2019). Influencing factors include various building materials, variations in the level of 
moisture content of materials, exposure of an element to wind and rain, inconsistencies 
in workmanship. Non-intrusive U-value meters are a great tool for investigating a build-
ing’s real U-values. Real U-values contribute to a more realistic energy efficiency project 
plan and through this can a more exact project budget be made.  Non-intrusive U-value 
meters calculates the heat flow through a building part in approximately 1 hour thus can 
this process be made before and after an energy efficiency upgrade (Arcada University of 
Applied Sciences, 2019). 
 
2.3  Energiesprong  
“In the Netherlands, 1,000 homes a year are built or retrofitted using the Energiesprong 
model. It is as much a funding mechanism as a housing standard and is designed to un-
lock finance for new-build and existing homes. Energiesprong homes are designed to 
pay for themselves over 30 years. The idea is that one-off retrofitting costs are paid for 
by the subsequent reduction in planned maintenance and energy bills – cuts to the latter 
being passed on, in part, to the landlord.” (Energiesprong Foundation, 2019).  
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The Energiesprong method aims to gather individual retrofit opportunities into large 
segments of demand for equipment suppliers and constructors, encouraging large scale 
investment and economies of scale in providing products and services to meet the retro-
fit demand. The typical net zero energy retrofit in the Netherlands through the Ener-
giesprong method includes re-cladding of existing walls and roof structures, a complete 
switch-out of the mechanical system, and the addition of photovoltaics. The intent is to 
industrialize the process using pre-fabrication and off-site assembly which facilitates 
rapid deployment with minimal disruption to tenants.  In the Netherlands, the entire ret-
rofit activity typically takes two to five days for attached row homes (Energiesprong 
Foundation, 2019). With other words do the Energiesprong method focus on modulariz-
ing buildings’ retrofits to increase the incentive to make energy efficiency renovations 
through lower building costs.  
2.3.1 What is Energiesprong  
The aim of the Dutch Energiesprong method (Dutch for Energy leap) is to bring desirable, 
viable net-zero energy refurbishment apartments to the mass market by 2020. Ener-
giesprong transforms neighborhoods and enhances people’s quality of life by energy re-
furbishing the apartments. Originating in the Netherlands, Energiesprong is taking a mar-
ket transformation approach, which aims to deliver fully refurbishment packages with 
long-term guarantees that make the solution commercially financeable and scalable. The 
retrofit is non-intrusive to the buildings and the retrofit can be completed as fast as within 
one week. This fast timetable is possible through modularized elements that are prefabri-
cated in factories. The retrofits design is well thought of before any work starts on site.  
An additional bonus to the residents is that the residents don’t need to move out during 
the thermal retrofitting progress. The result of the thermal retrofitting is a comfortable 
and affordable (heating costs are dramatically decreased) home that is modern and attrac-
tive with a long-term quality guarantee (Energiesprong Foundation, 2019). 
 
Energiesprong works because it delivers results whilst being an attractive offer for the 
industry, housing providers and residents. The Energiesprong method as unlike existing 
retrofit models include an energy performance contract to guarantee the performance of 
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the improvements over a long-term (minimum 30-year) period. Meaning that the contrac-
tors sign a contract where the installed performance improvements are guaranteed to work 
for at least 30 years. This provides financial security to the property owner as they know 
that it will perform as designed. The Energiesprong method is striving to make a radical 
transformation to big volume markets, both practically and conceptually. This is achieved 
by satisfying the following four key criteria (Energiesprong Foundation, 2019): 
1. Energy performance guaranteed for at least 30 years. This ensures a high quality 
of the deep renovation of the building. Design of Energiesprong renovations focus 
on high indoor climate and energy performance standards. 
2. Fast hassle-free on-site implementation of the thermal retrofitting. The Ener-
giesprong renovation can be implemented as fast as in one-week. This means that 
there is no need for residents to move out during the renovation and thus is the 
convenience improved for the residents. The method focuses on well-developed 
housing concepts with focus on energy and indoor quality improvements. 
3. Affordability. The renovation is paid for by the reduced costs in maintenance, 
resulting energy cost savings. Energy renovated buildings are often also valuated 
higher than equivalent non-refurbished buildings. 
4. Attractiveness. Energy-refurbished buildings are more attractive for both inves-
tors and residents as the energy cost are minimized. Furthermore, are the indoor 
quality improved by decreasing drafts and other disadvantages in the house. 
 
The Energiesprong focuses on off-site manufacturing of the retrofit packages (mass cus-
tomized facades and roofs with fully integrated energy and climate systems) enables driv-
ing down costs and installation times to go down from many months to a few weeks. 
Making a energy efficiency retrofit for an apartment differs vastly from making a energy 
efficiency retrofit to a detached house (size, facades, collective energy systems), finan-
cially and contractually (both energy use and distribution and ownership).  
Housing organizations’ ability to invest increases significantly because of the new busi-
ness model that the Energiesprong method introduces. A drawback with the Ener-
giesprong method is thermal retrofitting need a lot planning and analyses prior to the 
energy efficiency improvements are installed as all the manufacturing happens off-site. 
(Energiesprong Foundation, 2019) 
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2.3.2 The need for Energiesprong  
Finland have about 1,5 million apartments. There is no yet a compelling deep energy 
retrofit solution (close to 100% energy savings instead of today’s typical 30%) for apart-
ment buildings, which is key to achieve EU’s 2050 CO2 target. The Energiesprong 
method introduces a new business model that uses money spent on energy bills and 
maintenance work to pay for the energy efficiency retrofits. The Energiesprong intro-
duces to the market an affordable, desirable renovation method, where long-term perfor-
mance is guaranteed. Residents get this a modern, warm and comfortable home at the 
same cost of living. (Nweurope, 2019) 
 
The building and real estate industry in Finland is responsible for 15% of Finland’s 
gross domestic product (GDP) and employ annually over 500 000 people, over 20% of 
all employed people in Finland. The building and real estate industry’s energy con-
sumptions is also substantiable; over 35% of the total energy consumption in Finland. 
The building and real estate industry’s carbon footprint is 30% of the total carbon foot-
print produced by Finland. (Airaksinen, et al., 2019) 
 
The building and real estate industry plays an important part for Finland in meeting the 
UN’s sustainable development goals. The industry directly affects 11 of the 17 goals of 
the 2030 agenda for sustainable development made by the United Nation. Actions made 
for the build environment have a substantiable effect on how to get the climate change 
slowed down and how to adjust to the new climate. (United Nations, 2015) 
 
In Finland, residential buildings account for a 62% share of all existing buildings, as de-
termined by total built floor area. Residential buildings account for 85% share of all ex-
isting buildings, as determined by total buildings (excluding free-time residences) in 
Finland. There are about 1.3 million residential buildings in Finland. Approximately 
30% of these Finnish residential buildings were built before 1970 (about 0.4 million 
buildings) and 48% before 1980 (about 0.625 million buildings) (Statistics Finland, 
2018). Finland has thus a large building stock that is built before 1990 that is in dire 
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need of thermal retrofitting. These buildings must be energy renovated during the up-
coming years to keep the buildings’ living and energy standards up to date (Airaksinen, 
et al., 2019).  
2.4 Case study 
The case study object was chosen after an interview and visit to the case study with the 
Kirkkonummi municipality building service engineer Benny Vilander (Vilander, 2019).  
The case study for this thesis work was chosen in agreement with Benny Vilander 
(Vilander, 2019) to be the Kantvik school situated in Kirkkonummi municipality. This 
building was chosen because the building’s condition has been controlled by RKM Engi-
neering group and their recommendation was that the school building must be thoroughly 
renovated during the upcoming 5-10 years (RKM Engineering group, 2019). Figure 2 
shows a picture of the building in question. The school is built in 2 phases, the first phase 
(old part of the building) was ready in 1983 and the second phase (new part of the build-
ing) was ready  in 1992, the new and old part are shown in Figure 3’s aerial photo of the 
school. The school building’s old and new part are one floor high with the ventilation 
rooms built between the building’s roof and the first floor. The school’s external struc-
tures (walls, roofs and floors) represent typical building types from 2 different decades 
and thus working as a good case study for the Energiesprong method. 
 
Figure 2 Kantvik school 
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Figure 3 Kantvik school: The newer part of the building is marked with green and the older parts of the building is 
marked with blue. 
 
The original school building’s, from 1983, HVAC-systems and building structures are 
mostly in original condition. The building comprises of some classrooms, a gym, a dentist 
reception, the school’s kitchen and a central heating plant. The old serviceman quarters 
have been renovated into a kindergarten. The older part of the school building’s roof has 
been renewed 2012 and some minor repair works have been made during the last 5 years. 
The newer part, from 1992, of the school building’s HVAC-systems and building struc-
tures are mostly in original condition. The building comprises of classrooms and a school 
canteen. The newer part of the school building’s roof has been renewed 2013 and some 
minor internal changes and repair works have been made during the last 5 years. 
 
The schools roof pitch is 14 degrees and thus making it good roof to install solar panels 
on through an Energiesprong energy efficiency improvement. The school heating system 
is powered through a boiler using oil. The boiler and the oil tanks occupy about 30 m2 in 
the school. Most of this space can be used for other purposes if the school’s heating sys-
tem is swapped to a heat pump in an Energiesprong energy efficiency improvement.  
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An Energiesprong energy efficiency retrofit has many benefits when compared with tra-
ditional thermal retrofits as described in great lengths earlier in this thesis. The biggest 
benefits with an Energiespronge energy efficiency retrofit in the case study object are the 
following: 
• Time savings, an Energiesprong energy efficiency thermal retrofit saves a lot of 
installation time as the retrofit’s construction elements are pre-fabricated off-site 
and only the installation process is made onsite. 
• Cost savings, A traditional retrofit costs far more than an Energiesprong thermal 
retrofit as most of the work is made on-site with no optimization. The case study’s 
calculations will show the differences in the costs. 
• The problem with moisture during the renovation process is decreased. This is 
achieved as the majority of the work is done off-site inside a factory thus can the 
installation process be better controlled and potential moisture problems can be 
avoided. Another benefit with the Energiesprong method is that the whole build-
ing doesn’t have to be weatherproofed at the same time as is common in traditional 
thermal retrofits. Only the part of the construction that is replaced the same day is 
needed to be weatherproofed. 
• No need for temporary facilities for the school’s students. The Energiesprong 
method is non-intrusive meaning that the students can stay in the school during 
the thermal retrofit of the school.     
2.4.1 The building’s structures 
The case study objects structures have been examined by RKM Engineering group and 
the building’s structures are in depth explained in RKM Engineering group’s report 
(RKM Engineering group, 2019). The case study object’s building structures are shortly 
described below, and the building structures U-values are presented. 
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The old part of the school floor structure is: 
• Floor tile 
• About 1-2mm filler 
• 70mm of concreate 
• Paper for the concreate 
• 100mm of expanded polystyrene (EPS) 
• Natural sand 
  
 
The new part of the school floor structure is: 
• Linoleum 
• About 1-2mm filler 
• 80mm of concreate 
• 100mm of expanded polystyrene (EPS) 
• Natural sand 
 
 
 
 
The entire floor’s U-value is about 0.36 W/m2K. 
 
The building’s roof insulation has been increased 6-7 years ago when the building’s roof 
was renewed thus is the building’s roof in good shape. Therefore, is the entire roof’s U-
value about 0.07 W/m2K. 
Figure 4 The building's floor structures. 
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The old part of the school ceiling structure is from in-
side to outside: 
• Fiberboard 
• Plastic sheet that work as air barrier 
• About 500mm of Mineral wool 
• About 100mm of glass wool 
 
 
The new part of the school structure is from inside to 
outside: 
• Fiberboard 
• Plastic sheet that work as vapor barrier 
• About 450mm of glass wool 
 
 
The school’s wall structure is the building part that has the most improvement capabilities 
currently. The old part’s and new part’s walls are structured in completely different ways. 
The original part of the school’s walls is built with a clay brick structure. This structure 
is a potential problem structure as the structure lacks an air gap and moisture can conden-
sate in the wall. The new part of the school’s walls is a concreate-clay brick structure with 
an air gap.  
 
The old part of the school wall structure is from inside 
to outside: 
• 135mm Clay brick 
• 150mm Mineral wool 
• 123mm Clay brick 
The old part of the school wall’s U-value is about 0.35 
W/m2K. 
 
Figure 5 The building's roof structures 
Figure 6 The old part’s wall structure 
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The new part of the school wall structure is from inside 
to outside: 
• 130mm Concreate 
• 125mm Mineral wool 
• 30mm Airgap 
• 135mm Clay brick 
The new part of the school wall’s U-value is about 
0.27 W/m2K. 
 
All the windows in the building have a U-value of 1.4 W/m2K according to the RKM 
Engineering group’s report (RKM Engineering group, 2019). 
2.4.2 The case study’s field measurements 
It was decided with Kirkkonummi municipality that the case study object’s U-values 
should be field measured before further investigations are made. The reason behind the 
field measurements were that old buildings’ measured U-values are often different from 
the buildings’ design values. This is due to the non-uniformity of the insulation structures 
available during the construction time, the wear of the structures and their exposure to 
moisture during the buildings’ lifetime. The case study’s field measurements were made 
with Arcada’s rapid U-value meters according to U-value measurement manual (Arcada 
University of Applied Sciences, 2019). The measurements include 20 field measurements 
using the U-value meters and thermal images using a FLIR C2 thermal camera .The re-
sults from the U-value measurements and thermal imaging are presented in the appendix 
“Energy associate measurements report- Case Kantvik’s school”, the report is included 
as appendix 5 (Wiik, 2019). Below is a picture of how the U-value data was collected 
using Arcada’s rapid U-value meters. Figure 8 shows a thermal picture and normal picture 
of rapid U-value meter that is metering the wall’s U-value. 
Figure 7 The new part's wall structure 
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Figure 8 Example of the used rapid U-value meters used in the measurements. 
  
The most interesting findings in the field measurements report is the average U-values 
for the old and new part of the school. Below are the average results, from 20 measure-
ments, from the field measurement report presented. 
Average U-value for old part’s wall  Average U-value for old part’s window 
𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.39 W/m²K   𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 1.636 W/m²K 
Average U-value for new part’s wall  Average U-value for new part’s window 
𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.61 W/m²K   𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 1.989 W/m²K 
The measured values for the old part’s wall were in average only 0.04 W/m²K worse than 
the design values. The old part’s windows are about 0.26 W/m²K worse than the design 
values. The biggest surprise is that the new part’s measured U-values were in average 
0.34 W/m²K worse than the design values and worse than the old part’s U-values. The 
new part’s windows are about 0.59 W/m²K worse than the design values and surprisingly 
worse than the old part’s windows. This means that focus of the thermal retrofit should 
be at the new part of the building and not on the old part of the building. The measurement 
data will be used in project’s financial calculations to calculate an Energiesprong thermal 
retrofit costs and payback time. This is a good example why field measurements always 
should be conducted before any thermal retrofit project is conducted, to secure the right 
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initial data for the project. In this way can a trustworthy budget for a thermal retrofit be 
made (Togashi, 2018). 
2.4.3 The case study’s energy efficiency improvements 
All the below listed energy efficiency improvements can be made during the school’s 
summer holiday and thus not disturbing the school’s personal nor students. 
2.4.3.1 Constructions 
The case study object has been thoroughly analyzed and described in RKM-Engineering 
group’s report (RKM Engineering group, 2019). RKM-Engineering group’s report con-
clusions focuses mainly on fast and relatively cheap improvements, for example has the 
report described how the ventilation system shall be renovated during the upcoming years. 
This thesis work focuses on larger energy efficiency improvements through the Ener-
giesprong method and thus were the following building parts chosen for closer examina-
tion: 
1. The building’s walls  
2. The building’s roof combined with solar panels. 
3. The building’s heating system 
 
These 3 building parts were chosen as these improvements the most cost-effective energy 
improvements. These improvements are also non-intrusive and the improvements’ instal-
lation works won’t affect the students in the school. The school’s walls and windows have 
different structures, as shown above, in the original part of the school and the expanded 
part of the school. Both structures will be analyzed, and energy efficient improvements 
will recognize potential moisture problems. The VTT technical research Centre of Fin-
land report “Kosteusteknisesti toimiva korjausrakentamisen periaateratkaisuja” (freely 
translated to energy efficiency renovation methods that include moisture consideration) 
on typical building structures will work as a guide for this thesis structures’ improvement 
proposition (Nieminen, et al., 2013). The school’s roof has been energy improved about 
year 2013 and thus will this thesis focus on the solar panels on the roof and not take into 
consideration the insulation work of the roof. The building’s heating system is cost-ef-
fective energy improvement if the old boiler is replaced with a heat pump. The school’s 
base floor and ventilation system will need energy improvements at a later stage, but these 
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renovations are neglected in this thesis as these improvements are intrusive and will 
greatly affect the school’s everyday functions thus not working with the Energiesprong 
method. Furthermore, is the ventilation system’s renovation plan already made and ana-
lyzed in RKM Engineering group’s report (RKM Engineering group, 2019). 
 
The old part of the school wall is as earlier described a brick wall with a design U-value 
of about 0.35 W/m2K. VTT recommend in their report that above described brick walls 
are fitted with an air gap during energy efficiency renovations. Figure 9 describe VTT’s 
recommendation how an old brick wall can be energy efficient improved and still venti-
lated (Nieminen, et al., 2013). As shown in Figure 9 is the old outer layer of clay bricks 
deconstructed. The 150mm thermal insulation will be replaced with 150mm mineral wool 
and an additional 50mm thick wind protection board and new clay bricks are mortared 
30mm away from the thermal insulation. This energy efficiency improved construction’s 
U-value is far better, and the construction has a better moisture functionality, through the 
added air gap. (Nieminen, et al., 2013). The new wall structure could be mostly pre-fab-
ricated as only the inner 135mm Clay brick layer would be reused. Therefore, could the 
new insulation and outer clay brick layer be pre-fabricated off-site in 3m wide modules 
and can be installed right after that the old construction outer brick layer and mineral wool 
have been dismantled. 
 
The energy efficiency improved brick wall’s  
structure is the following: 
1. 135mm Clay brick 
2. 30mm Air gap 
3. 50mm wind protection board 
4. 150mm thermal insulation; mineral wool 
5. 135mm Clay Brick 
U = 0,176 W/m2K 
 
The new part of the school wall is as earlier described a concreate-brick wall with a design 
U-value of about 0.27 W/m2K. Figure 9 describe VTT’s recommendation how an old 
concreate-brick wall can be energy efficient improved and still don’t get moisture prob-
lems (Nieminen, et al., 2013). As shown in Figure 10 is the old outer layer of clay bricks 
Figure 9 The old part's renewed wall 
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deconstructed. The thermal insulation is swapped from 125mm old mineral wool to new 
150mm of mineral wool. Then is 50mm rendering board installed and finally is the sur-
face rendered with cement rendering. This energy efficiency improved construction’s U-
value is better, and the construction has a better moisture functionality, even through the 
air gap has been removed. (Nieminen, et al., 2013). The new wall structure could be 
mostly pre-fabricated as only the inner concreate layer would be reused. Therefore, could 
the new insulation and rendering board be pre-fabricated off-site in 3m wide modules and 
can be installed right after that the old construction outer brick layer and mineral wool 
have been dismantled. The cement rendering could be applied on site after that the mod-
ules have been installed.  
 
The energy efficiency improved brick wall’s struc-
ture  
is the following: 
1. Cement rendering 
2. 50mm Rendering board 
3. 150mm thermal insulation; mineral wool 
4. Concreate 130mm 
U = 0,194 W/m2K 
 
The thermal retrofits to the school’s wall structure are projected to increase the walls’ 
airtightness thus decreasing the infiltration rate. The building’s old infiltration rates are 
not known so table values for the old infiltration values were chosen for the calculations.  
The projected infiltration rate for the school’s thermal retrofitted walls is the Ministry of 
the Environment decree’s maximum infiltration value of Q50=4 m3/m2h for new building 
(Ministry of Environment, 2017). 
 
The costs for thermal retrofitting 1m2 of the old part’s wall in the traditional way (includ-
ing the needed materials and labor costs) is 144€/m2 (Rakennustieto Oy, 2018).  The costs 
for thermal retrofitting 1m2 of the new part’s wall in the traditional way (including the 
needed materials and labor costs) is 107€/m2 (Rakennustieto Oy, 2018). These costs rep-
resent typical on site-built costs according to the Finnish building industry (Rakennustieto 
Figure 10 The new part's renewed wall 
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Oy, 2018). The exact costs for Energiesprong retrofits are hard to predict but both Ra-
kennustieto and the construction company Fira approximates that the savings can be up 
to 25% when compared with a traditional retrofit (Fira Modules, 2019) (Rakennustieto 
Oy, 2018) (Kotilainen, 2013). Meaning that the costs for a Energiesprong thermal retrofit 
of 1m2 of the old part’s wall is about 108€/m2 and 1m2 of the new part’s wall is about 
80€/m2. These thermal retrofit costs will be further decreased through the Energiesprong 
method’s optimization processes and prefabrication in building element factories. This 
research does use the available costs that are provided at this day from the Finnish build-
ing industry and don’t not consider upcoming costs that are achieved through years of 
optimization.   
 
The school’s renewed wall structures could be even more insulated, but it would be at the 
cost of potential moisture problems. The energy efficiency upgrades described above 
have been analyzed and approved by VTT technical research Centre of Finland in their 
report about energy efficiency renovation methods that include moisture consideration 
and are therefore considered to be applicable in this case study (Nieminen, et al., 2013). 
These energy efficiency solutions do also represent the Energiesprong thinking with non-
intrusive energy upgrades that can be pre-fabricated off-site. This case study’s renewed 
and improved wall constructions can be manufactured at any Finland’s major building 
element factories.  
This thesis Energiespronge thermal retrofit package includes the thermal retrofit of the 
walls in the new part of the school and replacement of the windows in the new part of the 
school. This approach was chosen through the U-value measurements made in the school 
as the walls in the new part of the school have major construction problem and these 
walls’ U-value are in average 0.61 W/m²K. Furthermore, do the windows in the new part 
have potential moisture problems as theses windows’ U-value almost exceed 2 W/m²K.  
The old part of the school is in good condition and it isn’t economical feasible to do an 
Energiespronge thermal retrofit of the old part of the school. This thesis shows both how 
much energy could be saved if the whole school building would be thermally retrofitted 
with the above presented wall structures (for reference for further studies) and how much 
energy will be saved with the planned Energiespronge package.   
36 
 
2.4.3.2 Solar panels 
 The Energiesprong thermal retrofit method includes a new roof with integrated photo-
voltaic solar panels. It isn’t an economical feasible alternative to replace the school’s 
whole roof as it has been additionally insulated recently. Instead should the roof panels 
be manually checked and repaired if needed and an optimal amount of PV solar panels 
should be installed on the school’s roof. The school building’s roof area is about 3000m2, 
the roof is equipped with different ventilation pipes and the roof is sloping in 4 different 
directions. The part of the roof that is sloping towards north is disregarded at this stage 
meaning that about 2000m2 of the roof is usable for photovoltaic solar panels. Figure 11 
shows the considered installation area for the school’s PV solar panels. The considered 
solar panel array would be tilted 14° and the array’s azimuth would be facing southwards 
and the considered system losses are 14%. The solar panel array would consist of crys-
talline silicon panels with an approximate nominal efficiency of 15%. The size of the 
solar panel array could be with standard test conditions (STC): 
𝑆𝑖𝑧𝑒(𝑘𝑊) =  Array Area (m²)  ×  1 kW/m² ×  Module Efficiency (%) 
𝑆𝑖𝑧𝑒 =  2000m² ×  1 kW/m² ×  15% 
𝑆𝑖𝑧𝑒 = 300𝑘𝑊 
The yearly in-plane irradiation is 1050 kWh/m² according to the PVGIS-SARAH data-
base. The expected yearly yield, approximately 254 482 kWh/year, was calculated using 
the European union’s PVGIS calculator (European Union, 2017) . This thesis assumes 
that the school is empty in June and July meaning that 50% of the produced electricity is 
sold to the electricity grid the other 50% are consumed by the building’s HVAC systems.  
The solar power calculations are included as the attached appendix 2. Finsolar approxi-
mate that the cost per kW is in average about 1250€/kW in solar power plants that are 
over 250kW in size (Finsolar, 2019). The cost for the solar panel installation will be:  
𝐶𝑜𝑠𝑡(€) =  Cost (
€
kW
) ×   Installed effect (kW) 
𝐶𝑜𝑠𝑡(€) =  1250 (
€
kW
) ×   300 (kW) 
𝐶𝑜𝑠𝑡(€) =  375 000€ 
37 
 
 
Figure 11 Considered installation areas for PV solar panels 
 
2.4.3.3 Heat Pump 
The Energiesprong thermal retrofit method do include energy efficiency upgrade of the 
building’s heating system or a new modern heating system for the building. The school 
has at this day an old oil-boiler from 1992 with a power of 500kW that needs to be re-
placed during the upcoming years. Kirkkonummi municipality has earlier considered re-
placing the oil-boiler to district heating with an effect of 261kW and a yearly energy usage 
of 495.9MWh (RKM Engineering group, 2019). Below are the costs presented in For-
tum’s cost offer from 2012, updated with today’s prices (Fortum, 2019), for the replacing 
the oil-boiler with district heating. This cost does also include the constructions cost for 
building the district heating pipe to the school. The costs of the district heating’s heat 
exchanger isn’t considered in this thesis.  
Cost(€) =  (Yearly effect Cost (
€
kW
) ×   Effect (
kW
year
))
+ One time connection fee (€)
+ (Yearly energy Cost (
€
MWh
) ×   Energy usage (
MWh
year
)) 
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𝐶𝑜𝑠𝑡(€) = (5,15 (
€
kW
) ×   261 (
kW
year
)) +  42 769(€)
+ (64,5 (
€
MWh
) ×   495.9 (
MWh
year
)) 
𝐶𝑜𝑠𝑡(€) =
48 115€
year
+ 𝑂𝑛𝑒 𝑡𝑖𝑚𝑒 𝑓𝑒𝑒 𝑜𝑓 42 769€  
 
The most cost-effective improvement be over the Energiesprong method’s 30-year time 
period, to replace the old oil-boiler with a geothermal heat pump instead of district heat-
ing. The geothermal heat pump would be dimensioned according to the designed district 
heating system’s effect and energy usage. A geothermal heat pump with bore holes costs 
about 1500€/kW to install according to Granlund Oy’s cost data about heat pumps 
(Nyyssölä, 2019). Meaning that the initial costs for the heat pump installation will be: 
𝐶𝑜𝑠𝑡(€) =  Cost (
€
kW
) ×   Installed effect (kW) 
𝐶𝑜𝑠𝑡(€) =  1500 (
€
kW
) ×   261 (kW) 
𝐶𝑜𝑠𝑡(€) =  391 500€ 
 
Geothermal heat pump efficiency is traditionally measured using a ratio called “coeffi-
cient of performance” (COP). A typical heat pump has a COP ratio of at least 3,5. For a 
heat pump a COP value of 3 means that the addition of 1 kW of electric energy is needed 
to have a release of 3 kW of heat. The energy costs for this amount of electricity is about 
90 €/MWh according to Helen Oy (Helen Oy, 2019). The yearly energy usage will be 
about 495.9 MWh meaning that the yearly electricity cost will be: 
𝐶𝑂𝑃 =
𝐸𝑛𝑒𝑟𝑔𝑦 𝑂𝑢𝑡
𝐸𝑛𝑒𝑟𝑔𝑦 𝐼𝑛
 
3.5 =
495.9 𝑀𝑊ℎ
𝐸𝑛𝑒𝑟𝑔𝑦 𝐼𝑛
 
𝐸𝑛𝑒𝑟𝑔𝑦 𝐼𝑛 = 141.7 𝑀𝑊ℎ 
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𝐶𝑜𝑠𝑡(€) =  Cost (
€
MWh
) ×   Energy usage (MWh/year) 
𝐶𝑜𝑠𝑡(€) =  90 (
€
MWh
) ×   141.7 (MWh/year) 
𝐶𝑜𝑠𝑡(€) =  12 752€/year 
The cost difference between replacing the old oil-boiler with district heating or a geother-
mal heat pump are divided into investments and yearly energy costs. The district heating 
will work as the reference heating system in this thesis instead of the oil heating as the 
oil-boiler was to be replaced anyway with district heating (RKM Engineering group, 
2019). The investment cost of district heating is 42 769€ and the yearly energy costs are 
about 48 115€. The investment cost of a geothermal heat pump with bore holes is 391 
500€ and the yearly energy costs are about 12 752€.  The difference in the investment and 
yearly costs are the following:  
𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑖𝑛 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 (€) =  𝐻𝑒𝑎𝑡 𝑝𝑢𝑚𝑝(€) −  𝐷𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔(€) 
𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑖𝑛 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 (€) =  391 500(€) −   42 769(€) 
𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒(€) =  348 731 € 
𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑖𝑛 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑠𝑡𝑠 (€) = 𝐻𝑒𝑎𝑡 𝑝𝑢𝑚𝑝 (
€
𝑦𝑒𝑎𝑟
) −  𝐷𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔(
€
𝑦𝑒𝑎𝑟
) 
𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑖𝑛 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑠𝑡𝑠 (€) = 12 752 (
€
𝑦𝑒𝑎𝑟
) −  48 115€ (
€
𝑦𝑒𝑎𝑟
) 
𝑆𝑎𝑣𝑖𝑛𝑔𝑠(€) =   35 363€/Year 
 
A problem with replacing the old oil-boiler with a geothermal heat pump is that this op-
eration would be intrusive because the school’s old heating system’s radiators would 
probably need to be replaced with to low temperature radiators. The replacement cost of 
the radiators isn’t considered in this thesis because this replacement would be an intrusive 
work. This thesis focuses on the Energiesprong method’s idea of non-intrusive energy 
efficiency upgrades. Only the replacement of the old oil-boiler to a geothermal heat pump, 
instead of district heating, is considered in this thesis. Another thing that is neglected in 
this thesis’ analysis the potential need of upgrading the school’s electrical fuses to ac-
commodate the larger electrical consumptions through the heat pumps. 
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2.5 Energy policies and regulations  
Comprehensive policy mixes are important to advance sustainability transitions. This is 
particularly important in sectors such as buildings and construction, which change slowly 
and contribute significantly to evident environmental problems. Therefore, should a good 
policy mix contain both policies that support the creation of innovations and policies that 
forces change to unsustainable systems and practices. (Kivimaa & Kern, 2016)  
This means that policymakers must both evaluate if existing regulation are enough to 
improve energy efficiency and how changes will be measured.  Figure 12 shows the Finn-
ish policy mix that affect energy efficiency in buildings in Finland. The policy mix is a 
mix of EU directives, Finnish regulations and newer financial instruments including sub-
sides, information and R&D programs. A Particular important change has been repeating 
the additional 30% improvement targets for new buildings four times in 2003, 2008, 2010 
and 2012, implemented through building regulations. 
 
Figure 12 Policy mix for building energy efficiency in Finland in 2017, Source: (Kivimaa, et al., 2019) 
 
2.5.1 The land use and building act 132/1999 
‘’The objective of this act is to ensure that the use of land and water areas and building 
activities on them create preconditions for a favorable living environment and promote 
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ecologically, economically, socially and culturally sustainable development’’ (FINLEX, 
1999) first chapter) 
 
The land use and building act affects Energiesprong renovations as according to § 125 in 
the land use and building act 132/199: The building permit is required for construction of 
a building and in addition to several repairs and alterations of the building. The building 
permit is also required in a buildings technical system repair and modification work, 
which can contribute significantly to the building’s energy efficiency. 
 
According to § 126 in act 132/1999 an operation permit is needed if you want to change 
the heating system in an existing building. For example, change from district heating to 
borehole heat exchangers. § 166 (132/1999) describes how building owners shall ensure 
the building’s condition and including the energy supply system shall be kept in such 
condition that they meet the energy performance requirements. (FINLEX, 1999) 
2.5.2 Decree of the Ministry of the Environment on the Energy Perfor-
mance of New Buildings 1010/2017 
The decree on energy performance of new buildings and renovation of old buildings is 
part of the Land Use and Building Act (132/1999). This Decree applies to the design and 
construction of new buildings for which energy is used to condition the indoor climate. 
The Decree also applies to extensions of existing buildings and increases of gross floor 
area. The decree is a part of the 2017 Renovation strategy that integrated energy efficiency 
concerns in legislation. (Ministry of Environment, 2017) 
 
The decree states in Chapter 2 the minimum energy performance requirement levels for 
the calculated energy performance reference value for nine different intended use catego-
ries. These The calculated energy performance reference value (E-value), the unit of 
which is kWhE/(m
2a), is a building’s calculated annual consumption of delivered energy 
weighted by energy carrier factors per the building’s net heated area (Ministry of 
Environment, 2017). This is policy that creatively support energy efficiency building as 
the decree doesn’t regulate a single part of the building. The decree states the minimum 
energy performance for the building and it’s up to the Architects and HVAC engineers to 
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design a energy efficient building with energy performance above the minimum require-
ment level. (Kivimaa, et al., 2019) 
2.5.3 Needed changes in Finnish energy policy mix 
Finland has many supportive energy policies in place, for example Market formation by 
regulation. Finland has also some energy policies that destabilize existing values, for ex-
ample the carbon tax control policy. The policy development has been largely consistent 
over time in Finland. However, the Finnish energy policy mix needs to implement the 
‘efficiency first’ principle. For example, through concrete energy efficiency targets, en-
ergy saving obligations and inclusive policy processes. Furthermore, should the Finnish 
energy policy mix be updated with additional economic incentives to enhance the transi-
tion into nearly zero energy buildings. (Kivimaa & Kern, 2016)  
 
The Energiesprong method is possible with the energy efficiency policy mixes that exist 
at this day. The implementation of the Energiesprong method could be improved by im-
plementing some minor changes in the Finnish energy efficiency policies to better address 
the energy efficiency in buildings:  
1. Improved energy education for building designers. The knowledge gap between 
architects, HVAC designers and energy service providers should be closed. This 
would improve the communication between the different parts and enable a better 
consideration and knowledge of buildings in different projects. An Energiesprong 
project designer need to consider many factors at the design stage.  
2. Energy efficiency policies should be aimed at achieving real world energy sav-
ings. This is achieved by keeping the policy mix to date and regular evaluations 
of the Finnish energy efficiency policy mixes. The policy mix must be regularly 
updated to keep up with the evolving built environment in Finland. This means 
for Energiesprong projects that prefabricated elements has to be consider in the 
policy mix. 
3. The effectiveness of some current building energy efficiency policies (including 
building regulations) is hampered by problems in how the policy is implemented. 
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Therefore, are new methods often stagnated for a long time as the energy effi-
ciency policy isn’t up to date. This could be improved by supporting faster reori-
entation of existing policies to support energy efficiency. 
4. Most important to improve the usability of the Energiesprong method is that more 
attention needs to be paid to supporting innovation, experimentation and market 
formation in the built environment. This could be achieved by supporting experi-
mentation in the legislation through legislative changes. To make innovation go 
beyond the initial stage of innovation and experimenting, the policy mix needs to 
include also streamlined policy processes supporting the transition from innova-
tion into the building sector. 
3  FINANCIAL ASPECTS 
3.1 General investment theory 
An investment includes an initial investment cost which in turn will generate a series of 
positive cash flows during the life of the investment. The salvage value, together 
with the positive cash flows will in turn make the investment profitable for the inves-
tors. The long-term effects from an investment forms the basis for a company to be able 
to operate and develop. (Ljung & Högberg, 1999) 
3.1.1 Net present value, NPV 
The net present value is the difference between the value of cash inflows and the 
value of cash outflows at the moment of the initial investment. This makes it possible to 
compare the projects incomes and costs at the same time. The conversion of the cash 
flows are done with the help of depreciation of all future cash flows. With the net pre-
sent value, NPV, are calculations made on the investment’s lifespan with consideration 
on the depreciation. The investment is profitable to make if the net present value is, the 
higher value the better. (Ljung & Högberg, 1999) 
 
The decision rules of the NPV method are the following: 
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• If the calculated present value is above zero is the investment profitable to make. 
The present value indicates the value that future positive and negative cash flows 
are worth today. 
• At a situation ranking different investments is the investment with the highest 
present value selected. 
 
The investment would be deemed to be failure if the net present value in a project was 
to be below zero. This means that the investment should instead have been made in pro-
ject with a better discount rate. The precision of the net present value calculation is 
highly dependent on what discount rate is considered. 
 
The definition of NPV calculations is the following: 
𝑁𝑃𝑉 = ∑
𝑅𝑡
(1 + 𝑖)𝑡
𝑛
𝑡=0
 
where: 
Rt = net cash inflow-outflows during a single period t 
i= discount rate or return that could be earned in alternative investments 
t= number of time periods  
3.1.2 Life cycle cost, LCC 
The life cycle cost for a building project is the total cost of the project throughout the 
project’s projected lifetime, from the designing phase until when the building will be de-
molished. The Life cycle cost calculations promote bigger initial investments in a project 
if this decrease the building’s lifetime running costs. (Kibert, 2016) 
 
The key components when calculating a project’s LCC are: 
• Energy costs during the building’s lifetime 
• Investment costs for the building. 
• Maintenance costs during the building’s lifetime 
• Expected lifetime of the building 
• Investments to keep the building at same standard during its lifetime. 
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• Discount rate and inflation 
To calculate the life cycle cost for a project could the following formula be used: 
LCCtot = investment cost + LCCenergy + LCCmaintenance 
LCCenergy = annual energy cost x present value factor 
LCCmaintenance = annual maintenance cost x present value factor 
A table of present value factor (Cp/Cn) is included as the appendix 1. (Lilliehorn, et al., 
2008) 
3.2 Financing energy efficiency 
The following section provides example of various types of energy efficiency financing 
that are currently used in the European union.  Most energy efficiency financing is 
through equity or normal commercial lending. But energy efficiency can also be financed 
through the following mechanisms: (EEFIG derisking project consortium, 2017) 
• Through equity and/or savings  
• Including cost-effective energy efficiency upgrades in normal building refurbish-
ments and upgrades. In this way can the investment be financed through a normal 
loan. 
• Loans made specifically for energy efficiency upgrades in buildings such as the 
EeMAP initiative (EeMAP Consortium, 2017). 
• Specialised energy efficiency and property funds offering equity for energy effi-
ciency upgrade projects 
• Financing energy efficiency upgrades through specialised energy service con-
tracts such as Energy Performance Contracts. (Euopean Commission, 2010) 
• Leasing energy efficient equipment 
Today are still energy efficiency financing facing several barriers when compared with 
normal projects financing. These barriers include amongst others: 
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• Gained benefits through an energy efficiency project are in the form of savings 
rather than profit. This makes it harder to justify economically. (EEFIG derisking 
project consortium, 2017) 
• Gained energy savings can be hard to measure without adequate measurement 
methods and protocols, this is something that makes the energy efficiency profit-
ability uncertain.  
• Energy efficiency projects are often embedded into wider investments with other 
purposes e.g. building modernisation. This makes energy efficiency projects hard 
to analyse and justify. (EEFIG derisking project consortium, 2017) 
• The gain and incentive from energy efficiency projects are split in commercial or 
residential buildings projects. For example, can the tenant in a building benefit 
financially from an energy efficiency project and the landlord is the one making 
the investment. The Energiesprong method financial appeal is that both parties 
benefit mutual from an energy efficiency renovation. (Energiesprong Foundation, 
2019) 
3.2.1 The EeMAP initiative 
The Energy efficient Mortgages Action Plan (EeMAP) initiative is a market-led initiative 
focusing on the design and delivery of an “energy efficient mortgage”, which is intended 
to increase and channel private capital into energy efficiency investments. (EeMAP 
Consortium, 2017) 
 
EeMAP Initiative is designed on the premise that the banking industry has the potential 
to play a game changing role in supporting the EU in meeting its EU energy savings 
targets and delivering on EU’s energy savings targets for 2020 and 2030 and of COP21 
commitments by bringing energy efficiency into the conversation with potential borrow-
ers and then financing the operation.  The EeMAP initiative has received funding from 
the Europeans Union’s Horizon 2020 innovation program. (EeMAP Consortium, 2017) 
(European Union, 2013) 
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The underlying methodology will increase the acquisition of energy efficient properties 
and/or the improvement of the energy efficiency of existing properties. The success of 
the EeMAP initiative rests on two assumptions; 
• The first assumption is that improved energy efficiency increases the value of the 
property. From a price perspective, an increase in energy performance can corre-
spond to the adding of an extra 10-15 m² to the size of a property. 
• The second assumption is that borrowers that invest their money in energy effi-
ciency upgrades have more disposable income in the household due to lower en-
ergy bills. A renovated house that moves from an ‘E’ to a ‘B’ grade in its energy 
performance certificate (EPC) will save an estimated 24000€ over 30 years, ac-
cording to an analysis of 365,000 detached house sales in Denmark 2015 (Danish 
Energy Agency, 2015).  
 
These two assumptions drive an incentive chain. This incentive chain provides an eco-
nomic advantage to all stakeholders: borrowers, lenders, investors in terms of wealth con-
servation, risk mitigation, energy conservation. Measurement of the energy efficiency 
improvement will build on research on how to more accurately predict energy costs in 
mortgage affordability calculations. In Finland could the Energy Efficient Mortgage sys-
tem could use the existing EPC system as the starting point. Energy Performance Certif-
icates could be used for assessment of the energy demand for the green mortgage purposes 
for both new built and modernized buildings. (FINLEX, 2013) 
3.2.2 Non-energy benefits  
Work by the International Energy Agency and other researchers has identified a wide 
range of non-energy benefits that may result from energy efficiency projects which are 
shown in Figure 13. (IEA, 2014).  
 
These benefits and their value are very situation specific and the benefits will be valued 
vastly different in different projects. But it’s still important that energy efficiency projects 
identify and analyze the value of the benefits gained from non-energy benefits. Non-en-
ergy benefits have an important role to play in selling energy efficiency investments. The 
decision makers do often consider far more values than just energy cost savings and are 
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therefore more likely to invest in energy efficiency projects if non-energy benefits are 
shown. The EEFIG DEEP database contains some information on non-energy benefits 
where these have been provided. (EEFIG derisking project consortium, 2017). 
 
Figure 13 Multiple benefits of energy efficiency. (IEA, 2014) 
Some of the main non-energy benefits are described further below. 
Asset Value and Credit Quality Impacts 
Energy efficiency upgrades can significantly improve the valuation of an asset/property 
at sale. The asset’s value will increase as the energy efficiency upgrade affect the asset’s 
cash flow positively, as reducing expenses (for example heating) is the equivalent of in-
creasing the asset’s revenue. The property’s valuation will also increase through energy 
efficiency upgrades as property prices are based upon the income stream that the property 
generates.  
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Credit lenders look at assets value changes differently than asset owners although asset 
value impacts have a positive impact on the credit quality of an asset. Credit lenders fo-
cuses their attention to debt service coverage ratios (DSCRs) as a measurement of an 
asset. This means that the asset owner must reserve a part of the loan for the asset’s min-
imum required maintenance. Improvements in an asset’s cash flow, from energy effi-
ciency upgrades can significantly improve debt service coverages. This means that credit 
lender’s risk is decreased as asset owners invest money in an asset’s energy efficiency 
improvements. (EEFIG derisking project consortium, 2017) 
Other non-Energy Impacts 
Energy efficient improvements have also other non-energy benefits than the monetary 
benefits described above. Below are some other non-energy benefits listed. 
• Energy efficiency upgrades do often decrease the operations and maintenance 
costs of an asset. For example, does a LED lamp need far less maintenance than 
a traditional fluorescent lamp. 
• Energy efficiency upgrades can also improve the health and well-being of a build-
ing’s occupants. For example, does a modern ventilation system save energy and 
improve the comfort for the occupants through a better the indoor climate. An-
other example of improving indoor comfort is buy replacing a building’s windows 
and thus eliminating the cold draft from the windows. The improved indoor cli-
mate has been proved to decrease health care costs and improve the production 
rate of office workers. (Economidou, et al., 2011)   
• Some energy efficiency projects may bring increase the workers productivity. For 
example, by improving the comfort in offices by switching old windows to mod-
ern well insulated windows can the office workers’ productivity be improved. The 
improved productivity is achieved because the new windows don’t have a draft 
that affect the office workers negatively.  
3.2.3 Risk analysis and risk mitigation 
Ever project must carry out a risk analysis. Energy efficiency projects have in the past 
been presented as low risk projects. But in fact, like any investment project do they in-
clude risks which need to be understood and evaluated (EEFIG derisking project 
50 
 
consortium, 2017). Risks associated with energy efficiency investments can be classified 
into the following categories: 
• Economic and financial risks 
• Behavioral and operational, including performance, measurement and verification 
risks. 
• Technology and design risks 
• Regulatory risks. 
 
Risks can be further classified as either project intrinsic (and therefore controllable, for 
example measurements) or extrinsic (uncontrollable, for example regulatory risks). (Hill, 
2019) 
Economic and financial risks are mostly extrinsic and include uncertainty in fuel prices, 
fluctuating interest rates, and loan risks. For example, an energy efficiency project’s sav-
ings will be predicted on the basis of an assumed energy price but of course energy prices 
change, both up and down, affecting the level of savings that the project achieved. This 
can be mitigated by making an energy performance contract that guarantee savings and 
the billing method is calculated in saved kilowatt hours and not in currency. (Hill, 2019) 
 
Behavioral and operational risks can be found as unexpected consumption patterns, op-
eration problems or improper maintenance of equipment. No energy efficiency project 
will achieve its savings projections if the new systems are not operated or maintained 
properly. This can be mitigated by writing operations and maintenance contracts to in-
clude performance warranties based on energy performance. (Togashi, 2018) 
As the return on investment from any energy efficiency project will likely be the energy 
savings, investors would require an accurate assessment of the achieved savings. There-
fore, cost effective measurement and verification is essential for achieving long-term en-
ergy savings. Many energy efficiency projects do not include measurement and verifica-
tion processes and therefore are the actual outcomes uncertain. This can be mitigated by 
good practices that requires that the measurement and verification processes are inte-
grated into the process of installing and operating energy efficiency improvements (Hill, 
2019). For example, could an assets thermal insulation work be verified by U-value me-
ters. In this way could the assets pay-back calculations be updated from design values to 
verified values (Arcada University of Applied Sciences, 2019). 
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Technology and design risks involve unpredictable negative uncertainties related to the 
technical specifications of the project. Insufficient information and background checks 
about the facility, installation delays, and extreme weather conditions are risks. Design 
risks include the failure to accurate make an energy model, failure to select the most en-
ergy efficient improvement and mistakes in the engineering design process through 
wrong assumptions. While a full project assessment prior to the start of the project would 
limit the above listed risks, acquiring complete and accurate data on a building is often 
difficult or impossible. (Hill, 2019) 
 
Regulatory risks are associated with the effects of changes in government policies, for 
example are energy efficiency standards for buildings and equipment tightening across 
the world all the time. Energy efficiency projects do however seldom include a high 
chance of regulatory risks. This is because energy efficiency projects are more likely to 
bring buildings into compliance than to violate building regulations. The biggest regula-
tory risks that affect energy efficiency improvements are the possibility of retrospective 
changes to feed-in tariffs for renewable projects or cancellation of energy efficient im-
provement grants. Most of this can be mitigated by the project designers through a com-
prehensive code review of energy efficiency improvements. (EEFIG derisking project 
consortium, 2017) 
4 RESULTS 
4.1  Background data for calculations 
The results presented in this chapter include the results of the case study’s Energiesprong 
thermal retrofits that were presented in chapter 2. The building structure thermal retrofit 
calculations were made using Granlund Oy’s Riuska software and the costs for the ther-
mal retrofit was calculated using Rakennustieto Oy data on building structure’s costs 
(Rakennustieto Oy, 2018). The solar electricity generation and costs were estimated 
through the European Union’s PVGIS-5 program (European Union, 2017). The heat 
pump dimensioning considered the installed oil-boiler’s size and the energy data provided 
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from Fortum (Fortum, 2019) and Helen (Helen Oy, 2019). The cost data about the heat 
pump were provided by Granlund Oy’s database (Nyyssölä, 2019).  
 
Figure 14 The 3D Riuska model that is based on Kantvik’s school 
4.2  Energy calculations  
4.2.1 Constructions 
Table 1 presents a comparison of 4 different simulation cases of the school building’s 
heat losses when the outside temperature is -26°C in the winter. The first (simulation case 
1) presents the school’s design data that is described thoroughly earlier in this master’s 
thesis. The second (simulation case 2) presents the school’s design data updated with the 
measured data gained from the field measurements made in the school building. In the 
third (simulation case 3) is the all the school’s wall structures thermally retrofitted and all 
windows are replaced. In the fourth (simulation case 4) is the school fitted with the pro-
posed Energiesprong thermal retrofit improvements. In simulation case 4 is the new part 
of the school’s wall structures thermally retrofitted and the new part of the school’s win-
dows are replaced. 
 
As seen from Table 1 is the expected heat losses through the envelope with the design 
data (case 1) 97 940W. But through the field measurements were the walls’ and windows’ 
U-values adjusted to far worse values and thus is the heat loss through the envelope up-
dated (case 2) to 110 661W. The expected heat loss through the envelope (case 3) is 69 
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304W if both the new part and the old part of the school is thermally retrofitted. The 
expected heat loss through the envelope after that the proposed thermal retrofits have been 
made (case 4) is 85 000W. 
 
This means that the heat loss difference between case 1 and 2 is more than 12 000W, 
meaning that the measured data’s heat loss is about 15% higher than the design data. 
There can be achieved a saving of about 15 700W in heat losses if the whole building is 
thermally retrofitted instead of only the new part of the school building (the difference 
between case 3 and 4). The savings in heat losses between the measured data and the 
Energiesprong thermal retrofit improvements (difference between case 2 and 4) is about 
25 600W, or almost 25% savings in the building’s heat losses. This 25% saving in heat 
loss includes the savings achieved through the reduced infiltration rate for the new part 
of the school building.  
 
Table 2, Table 3, Table 4 and Table 5 show the monthly net energy need for the different 
simulation cases. As seen from Table 2, Table 3, Table 4 and Table 5 is the annual energy 
need for simulation case 1: 475 MWh, for simulation case 2: 483 MWh, for simulation 
case 3: 351 MWh and for simulation case 4: 408 MWh. Meaning that the building’s yearly 
energy saving would be 80 MWh a year when the field measured structures’ data (simu-
lation 2) and the Energiesprong thermal retrofit improvement data (simulation 4) are com-
pared. The costs for the case study’s Energiesprong thermal retrofit improvements are as 
earlier mentioned: 1m2 of the new part’s wall is 80€/m2 (Rakennustieto Oy, 2018) (Fira 
Modules, 2019). There is in total 490.2m2 wall area that has to be thermal retrofitted 
through the Energiespronge thermal retrofit improvement. Giving the following invest-
ment need for the thermal retrofit of the school’s walls: 
 
The new part of the school’s outer walls thermal retrofit costs: 
𝐶𝑜𝑠𝑡(€) =  Area (m2) ×  Cost €/m² 
𝐶𝑜𝑠𝑡(€) =  490.2 (m2) ×  80 €/m² 
𝐶𝑜𝑠𝑡 = 39 216€ 
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Table 1 The case study’s simulation case comparison. 
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Table 2 Monthly energy need, simulation case 1 School with design data 
 
Table 3 Monthly energy need, simulation case 2 School with measured data 
 
Table 4 Monthly energy need, simulation case 3 school with new wall structure and windows 
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Table 5 Monthly energy need, simulation case 4 new part of school with new wall structure and windows 
 
The school’s windows will also be replaced as part of the Energiesprong thermal retrofit 
improvement. New wood-aluminium windows with a U-value of 1.0 W/m2K costs in av-
erage 280.4 €/m2 (Rakennustieto Oy, 2018). There is in total 174.1m2 of windows in the 
school of which 86.4m2 are situated in the new part of the school and that will be replaced 
during the school’s Energiesprong thermal retrofit improvement project. The replaced 
windows’ U-values are about 2.0 and therefore must these windows be replaced anyway 
because of the possible problem with moisture on the windows through condensation. 
This means that replacement cost of the windows isn’t considered in the profitability cal-
culations, but they are still included in the Energiesprong improvement package. Below 
is replacement cost for the windows shown for reference purposes for further studies. 
The school’s windows’ replacement costs would be: 
𝐶𝑜𝑠𝑡(€) =  Area (m2) ×  Cost €/m² 
𝐶𝑜𝑠𝑡(€) =  86.4 (m2) ×  280.4€/m² 
𝐶𝑜𝑠𝑡 = 24 227€ 
 
𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 = 𝑁𝑒𝑤 𝑝𝑎𝑟𝑡 𝑜𝑐 𝑡ℎ𝑒 𝑠𝑐ℎ𝑜𝑜𝑙′𝑠 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑟𝑒𝑡𝑟𝑜𝑓𝑖𝑡 
+ 𝑤𝑖𝑛𝑑𝑜𝑤 𝑟𝑒𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 
𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 = 39 216€ 
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Giving a cost of 39 216€ for the thermal retrofit of the new part of school’s walls and new 
windows for the new part (the windows’ cost isn’t considered). The Energiesprong ther-
mal retrofit improvement project’s savings can be calculated through the yearly saved 
energy amount and with the district heating’s energy cost: 
 
𝑆𝑎𝑣𝑖𝑛𝑔(€) =  80 (
MWh
year
)  ×
64,5€
MWh
 
𝑆𝑎𝑣𝑖𝑛𝑔(€) =
5160€
𝑦𝑒𝑎𝑟
  
4.2.2 Solar panels 
The cost for the case study’s Energiesprong solar panels installation are as earlier men-
tioned 375 000€. The electricity yield from the solar panels is estimated to be 254 
482kWh/year but 50% of June’s and July’s produced electricity is sold directly to the 
grid. This means that 209 637kWh is saved each year and 44 845kWh is sold each year 
to the grid. The energy price for buying electricity is 90€/MWh and 40€/MWh for selling 
electricity (Helen Oy, 2019) giving a yearly saving of: 
 
𝑆𝑎𝑣𝑖𝑛𝑔(€) =  209 637 (
kWh
year
) ×
90€
MWh
+ 44 845 (
kWh
year
) ×
40€
MWh
 
𝑆𝑎𝑣𝑖𝑛𝑔(€) =
 20661,13€
𝑦𝑒𝑎𝑟
  
4.2.3 Heat pump 
The cost for the case study’s Energiesprong heat pump installation have considered the 
replacement of the school’s oil heating to a geothermal heat pump. The geothermal heat 
pump has been directly compared with the planned district heating system as the oil heat-
ing was planned to be replaced with district heating in the upcoming years. As earlier 
mentioned, is the cost difference between a geothermal heat pump and district heating 
348 731€. The yearly difference in savings when comparing a geothermal heat pump and 
district heating is 35 363€/year. 
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4.3  Profitability calculations 
The case study’s Energiesprong energy efficiency improvements’ profitability calcula-
tions were made using BELOK’s “Total Concept method” economical tool. The Total 
Concept Method identifies all cost-effective energy efficiency improvements in energy 
efficiency projects in real estates. The premises are the real estate owner’s required return 
on invested money (rate of return) and will to decrease the energy usage more than other 
methods can achieve. The Total Concept Method focuses on the package of improve-
ments instead of separate improvements. The improvements in the package do fulfil to-
gether the rate of return requirements and the improvements decrease together drastically 
real estate’s energy need (BELOK, 2019). 
 
The following improvement package was considered in the case study’s Total Concept 
Method analyse, including: 
 
1. Installation of solar panels on the school’s roof. 
2. Thermal retrofit of the school’s walls and replacement of the windows. 
3. Installation of a geothermal heat pump instead of district heating 
 
The economic calculation period was set to 30 years as the Energiesprong method guar-
antee the performance of the improvements over a long-term (minimum 30-year) period. 
The calculations investments’ interest rate was set to be at least 2% and the yearly infla-
tion was set to 1%. The same heat energy, 64,5€/MWh, and electricity, 90€/MWh, prices 
were used that have been used earlier in thesis.  The energy use before measurements, 
heat energy 495,9MWh/year and electricity 169 MWh/year, of the building were col-
lected from the RKM engineering group’s report and data (RKM Engineering group, 
2019). Table 6, Table 7 and Table 8 shows the results of the Total Concept Methods 
calculations. The calculations show that the most beneficial improvement is the thermal 
retrofit of the new part’s walls and installation of new windows. As the thermal retrofit 
has an internal rate of return of 13,80% with cost savings of 5160 €/year and investment 
cost of 39 216€. The internal rate of return of the thermal retrofit will decrease if the 
windows cost (39 216€) would be considered in the profitability calculations. But the 
motivation for the window replacement was the windows’ possible condensation problem 
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and not the Energiespronge method’s energy savings. The installation of the solar panels 
decreases the improvement package internal rate of return to 5,63%. As the solar panels 
installation has an internal rate of return of about 4,61% with total cost saving of 20661,13 
€/year, the solar panels savings could be even higher if the school was in full use during 
the summer months. The solar panel investment is the most expensive improvement of 
about 375 000€.  
 
The calculations show further that the installation of the heat pump decreases the im-
provement package internal rate of return to 3,39%, as the heat pump installation’s own 
internal rate of return is only 0,11%. The heat pump’s installation is about 349 000€ and 
with yearly saving of about 10 000€/year. The improvement package sum of internal rate 
of return is 3,39% over 30 years. Meaning that the improvement package is profitable as 
the internal rate of return exceeds the wanted 2%.  The yearly energy use and operating 
costs will also decrease with about 140 kWh/m2/year and 30 000€/year through the im-
provement package. 
Table 6 Internal rate of return diagram of the Total Concept Method. 
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Table 7 Yearly energy use before and after the energy efficiency improvements have been made. 
 
Table 8 Yearly operation costs before and after the energy efficiency improvements have been made. 
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The results from the profitability calculations show that the school’s walls’ thermal ret-
rofits’ savings is the main reason why the improvement packages internal rate of return 
exceeds the wanted 2%. The other energy efficiency improvements own internal rate of 
returns are much smaller in the case study. The reason why the heat pump’s internal rate 
of return is below expected levels is because it’s compared with district heating instead 
of the installed oil-boiler. The solar panel investment isn’t as profitable energy efficiency 
improvement as it could be in the case study object, this is mainly because all the pro-
duced electricity can’t be used in the school. Another reason is that the calculation time 
was limited to 30 years and the calculations were made with only 1% in yearly inflation. 
There are also non-energy benefits with these energy efficiency upgrades. For example, 
the geothermal heat pump does decrease the school’s CO2 emission radically and decrease 
the operations and maintenance costs of the school. The thermal retrofit of the walls in-
cluding the new windows decrease the draft from the windows in the school thus increas-
ing the students’ productivity and improve the health and well-being of the students. An-
other aspect that isn’t inspected any further is the possible increase in value for building’s 
that have had an Energiesprong energy efficiency renovation. Therefore, is the total con-
cept method’s improvement package recommended as the improvement package fulfill 
the wanted internal rate of return and gives the school multiple non-energy benefits. 
5 DISCUSSION  
5.1  Analyzing the data 
The Energiesprong energy efficiency method has been analyzed thoroughly and discussed 
through the case study object in this master’s thesis. The study demonstrates a correlation 
between the Energiesprong method and profitable energy efficiency improvements in 
buildings. The analysis of the case study’s data through the total concept method further 
confirm that the Energiesprong method is a financeable viable renovation method for en-
ergy efficiency improvements as the internal rate of return of the case study’s renovations 
exceed the wanted 2%. The Energiesprong aims to improve cost effectively old buildings’ 
energy efficiency to a modern level that comply with the European Union’s standards 
(European Union, 2018). 
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The results from the case study might still suggest that the Energiesprong method isn’t an 
economical feasible method in Finland if looking on single energy efficiency improve-
ments. However, based on the results from the case study, is a more plausible explanation 
that the Energiesprong method focuses on a market transformation thus relying on mod-
ulation of thermal retrofits to achieve the method’s full potential. The Energiesprong 
method do still work in line with the hypothesis that the method can work as cost optimal 
thermal retrofit method with field measured background data. There are also many non-
energy benefits that are also gained through the Energiesprong methods energy efficiency 
improvements. 
 
 The study shows also the weight of using the correct financial tools to analyze the case 
study’s data. Belok’s the total concept method (BELOK, 2019) is a financial tool that 
works excellently with the Energiesprong method as both consider large energy effi-
ciency improvement packages over long time. The total concept method gives the energy 
efficiency improvement project’s an economical incentive. This incentive provides an 
economic advantage to all stakeholders: borrowers and investors in terms of wealth con-
servation, risk mitigation, energy conservation. As the total concept method can more 
accurately predict energy costs in loan affordability calculations. 
 
These results from the research should be taken into account when considering how to 
conduct an energy efficiency renovation in Finland. As the research’s data contributes a 
clearer understanding of larger modular thermal retrofits and energy renovations that can 
be conducted cost effectively in Finland. Balaras et al. have concluded in their research 
“Deterioration of European apartment buildings” that the European building stock is rap-
idly declining and the Energiesprong method is method that tackle this problem head on 
(Balaras, et al., 2005). Kivimaa et al. publication “Transition towards zero energy build-
ings: Insights on emerging business ecosystems, new business models and energy effi-
ciency policy in Finland” discuss how Finland shall transition towards zero energy build-
ings, these results from this study contributes a clearer understanding of how this transi-
tion can be made cost effectively (Kivimaa, et al., 2019). 
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The reliability of this study’s research data is impacted by RKM Engineering group’s 
(RKM Engineering group, 2019) earlier studies in the case study as this research bases 
much of its assumption on the reports made by RKM Engineering group.  It is also beyond 
the scope of this study to optimize modular thermal retrofit elements for the thermal ret-
rofit of the constructions. This research does use the available costs that are provided from 
the Finnish building industry for the thermal retrofit of the constructions. Further were 
the methodological choices constrained by the case study object available for the research 
thus were some minor compromises made to the methodology. 
5.2  Answering the research questions 
In the start of this thesis were 3 research questions presented. An essential question of the 
research is: Can the Dutch Energiesprong method reliably work as a cost-optimal thermal 
retrofit concept for different building types in Finland, and what measures should be ap-
plied to maximize the cost-effectiveness, energy performance, and environmental impact 
reduction potential in deep renovations? The Energiesprong method is an excellent ther-
mal retrofit method as it aims to deliver fully refurbishment packages with long-term 
guarantees, at least 30 years, that make the solution commercially financeable and scala-
ble. This research shows that the Energiesprong method combined with the total concept 
method can provide enough financial calculations to provide creditability to the energy 
savings from the thermal retrofits made through the Energiesprong method. The total 
concept method and the Energiesprong method work well together as they both consider 
wide enough energy efficiency improvement packages over a long project time. Thus, 
giving the project’s financier enough data to make the decision to finance in energy effi-
ciency upgrades. This research has focused on the case study’s school building, but the 
thermal retrofit concept can be applied to any building type in Finland as the concept is 
scalable and consider the buildings as whole entireties. Thoroughly field measurements 
should be made before any thermal retrofit project to maximize the cost-effectiveness and 
the energy performance of the renovation object. This research shows through the case 
study that design data can’t be trusted in old buildings as the constructions’ insulations’ 
non-uniformity. 
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Another essential research question is: What types of renewable energy production tech-
nologies can be combined with the Dutch Energiesprong method, if any, and how should 
the energy production technologies be dimensioned in deep renovations? The research 
has shown that any renewable energy production technology can be combined with ther-
mal retrofits projects made with the Energiesprong method. This is because the Ener-
giesprong method focuses on the building instead of dissecting the building into smaller 
parts thus can any energy production technology be combined with the Energiesprong 
method. This research included geothermal heat pumps and solar panels in the research’s 
case study and the research show that both renewable energy production technologies 
have a positive internal rate of return over 30 years. The case study showed also that solar 
panels installed without a roof replacement have an internal rate of return above 2%. The 
rate of return is further boosted if the solar panels are installed as a part of the roof reno-
vation that includes insulation work of the roof. The renewable energy production tech-
nologies energy production should be dimensioned to minimize the building’s primary 
energy (energy that must be bought) thus decreasing the operating costs of the building 
to minimum.  
 
The final essential research question is: Could the buildings energy performance improve-
ment renovations be scheduled and combined with the maintenance of the building, and 
how can significant benefits be obtained by combining them? This research shows 
through the case study that the energy performance improvements have a positive internal 
rate of return if they are conducted without any regard on the buildings’ maintenance 
program. The real estate owners should still include the buildings’ energy performance 
improvements in buildings’ long-time maintenance program and an upgrade plan should 
be made as early as possible using the Energiesprong method. In this way can the energy 
performance improvements be scheduled at a rate that further improves the internal rate 
of return on the energy efficiency improvements. For example, could a building’s Ener-
giesprong work plan show that it’s financially feasible to thermal retrofit the building’s 
roof and walls. The thermal retrofit of the roof could then be scheduled at the next major 
maintenance of the building’s roof thus combining the roof’s maintenance with an energy 
performance improvement. The Energiesprong method’s work plan focuses on the build-
ing as whole but all the building’s energy performance improvements don’t have to be 
conducted at the same time. There can be significant financial benefits to combine energy 
65 
 
performance improvements with the maintenance of building instead of making the en-
ergy improvements without considering the condition of the building as a whole. 
 
The thing to take from this research is that the Energiesprong method and total concept 
method can and should be utilized in one form or another at upcoming energy perfor-
mance improvements of buildings in Finland. 
5.3  Approach of the thesis 
This thesis about thermal retrofitting of buildings in Finland with focus on the Dutch 
Energiesprong method; Case study Kantvik’s school was about enlightening people in 
the building industry about the possibility of using modular thermal retrofitting of build-
ings. The main focus of this thesis was the Dutch Energiesprong method as it’s a relatively 
new method that promises to revolutionize the building industry through modularizing 
the building process (Energiesprong Foundation, 2019).  
The thesis approaches the Energiesprong method from different technical aspects and the 
work do also include financial aspects and legislation about thermal retrofitting. This the-
sis consists of both theoretical material and field measurements on the case study object.  
This approach of the subject was chosen to give the thesis a comprehensive content about 
modular thermal retrofitting. The study could have included data about how the conven-
tional thermal retrofitting renovation is made in Finland nowadays, but conventional ret-
rofitting models are well documented in earlier made thesis works and research studies 
(Kivimaa, et al., 2019). This master’s thesis has been made so that upcoming research 
studies can use it as source of information on the Energiesprong method. By providing 
the building industry with rough cost and energy calculations about the case study’s up-
coming Energiesprong method thermal retrofitting work is the interest for further studies 
in the subject hopefully awaken. By focusing the master’s thesis on the Energiesprong 
method and modular thermal retrofitting renovations are the readers given a good picture 
of how the method works and how it could be utilized in Finland. Further studies about 
the usability of the Energiesprong method in Finland should focus on different building 
types to give a wider field of view on the subject in general. 
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6  CONCLUSION AND RECOMMENDATION 
The existing building stock plays a significant role in restraining the global climate 
change by reducing the final energy consumption and greenhouse gas emissions of build-
ings. Cost-effective energy efficiency improvements and renovations of the existing 
building stock is a challenging and important task to significantly reduce the environmen-
tal impact of the built environment. To determine the most cost-effective renovation con-
cepts for buildings leads inevitably to an optimization problem because cost-effectiveness 
and energy efficiency are conflicting objectives with each other. The building owners are 
interested in proven renovation concepts that reduce the operating costs of the building 
together with a healthy and comfortable indoor climate but also deliver a good internal 
rate of return and a known payback period. Therefore, the Energiesprong method 
(Energiesprong Foundation, 2019) was chosen for this research as it steps in with its mar-
ket transformation approach, which aims to deliver fully refurbishment packages with 
long-term guarantees that make the solution commercially financeable and scalable. Fur-
thermore, was Belok’s total concept method (BELOK, 2019) included to tackle the mul-
tidimensional optimization process with energy efficiency renovations. 
 
The case study shows the importance of field measurements and accurate design data for 
making an Energiespronge improvement package. The field measurements (Wiik, 2019) 
in the case study gave valuable information for how the structures (and which structures) 
in the case study object should be thermally retrofitted through the Energiespronge im-
provement package. Large potential savings were made as the thermal retrofit of the struc-
tures could be focused to the problem parts of the structures instead of thermally retrofit-
ting the whole building.  
 
The main objective of this thesis was to study and determine the cost-effective renovation 
concepts for the common Finnish building stock that also have a significant energy effi-
ciency improvement and environmental impact reduction potential through the Ener-
giesprong method. The results of the research and case study demonstrate that it is prof-
itable for real estate owners to improve the indoor environment conditions through energy 
efficiency improvements during deep renovations because of the gained non-energy ben-
efits and positive internal rate of return on the investment. The gained non-energy benefits 
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of the case study include lower CO2 emissions for the case study and better productivity 
for the occupants in the case study object.  The internal rate of return for the case study 
object’s Energiespronge improvement package was 3,39% over a 30-year calculation pe-
riod. The yearly energy use and operating costs was decreased in the case study with 
about 140 kWh/m2/year and 30 000€/year through the Energiespronge improvement 
package. The consequences of the Energiespronge improvement package in case study 
were that the building was thoroughly examined, and the most cost-effective non-intru-
sive energy efficiency were chosen for an improvement package for the building. Another 
thing that should be observed is that buildings’ that have had an Energiesprong energy 
efficiency renovation value most likely increases and further increase the incentive to 
invest. While the specified case study limits the generalizability of the results of the re-
search, do this approach provide new insights into how to cost-effectively renovate the 
Finnish building stock.   
 
To better understand the implications of this research’s results, future studies could ad-
dress the need of optimization of thermal retrofit elements that can should be used with 
the Energiesprong method. This is to further decrease the cost and renovation time for the 
Energiesprong method’s energy efficiency improvements. Further research is also needed 
to determine the relationship between saved time in energy efficiency renovations pro-
jects and the will to start new project. How is saved time valuated by the investors? 
Future studies could take into account different building types to find the building types 
that are the most suitable for the Energiesprong method.
 “The difficulty lies, not in the new ideas, but in escaping from the old ones.” John 
Maynard Keynes 
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Appendix 5 Energy associated measurements report- Case Kantvik  
 
Energy associated measurements report- Case Kantvik’s 
school 
The following energy associated measurements were conducted to be able to analyse the 
building’s wall constructions and thus adjust the energy calculations with measured values in-
stead of design values. his report has considered the following data and documents: 
• Attachment 1- All provided constructions plan for the building 
• Attachment 2-The buildings latest EPC, observe that this EPC  
• Attachment 3- Thermal imaging pictures of the building.  
• Attachment 4- U-value calculations  
• Attachment 5- Weather data  
• Attachment 5- Pictures  
 
 
U-value calculations of typical constructions in the building 
The following measurements were conducted using Arcada’s Rapid U-metering tools. 
The U-value measurement were made 28.11.2019 from starting at 14.00 O’clock. Attachment 
5 shows the weather data from nearest weather station.  
Conditions at the measurements 28.11.2018; 
Outside temperature; From 3,1 to 3,4˚C Outdoor humidity; 95% RH 
Inside temperature; 21.0˚C Indoor humidity; 33% RH 
Outside wind speed (measured 1 meter from the wall at a height of 150cm); 1 m/s 
Solar Power; 20W/m2, it was a rainy afternoon 
  
  
Example of the used rapid U-value meters used in this report. 
Measurements 
Case 1 -New part of the building Case 2 -New part of the building 
Room; Class room 135  Room; Class room 135 
Direction and element type: South and Win-
dow 
Direction and element type: South and 
Solid wall 
Rapid U-meter; # 139  Rapid U-meter; # 138 
 
Measurement time; 140 minutes Measurement time; 85 minutes 
Heat flux; 334 mW Heat flux; 171 mW 
Surface temperature; 17,81˚C Surface temperature; 19,88 ˚C 
 
Case 3 -New part of the building Case 4 -New part of the building 
Room; Class room 135 Room; Class room 140 
Direction and element type: East and Solid 
wall 
Direction and element type: North and 
Solid wall 
Rapid U-meter; # 131 Rapid U-meter; # 137 
Measurement time; 100 minutes Measurement time; 50 minutes 
  
Heat flux; 137 mW Heat flux; 44 mW 
Surface temperature; 20,188 ˚C Surface temperature; 21,44 ˚C 
 
Case 5 -New part of the building Case 6-New part of the building 
Room; Class room 140 Room; Class room 140 
Direction and element type: South and Solid 
wall 
Direction and element type: East and Solid 
wall 
Rapid U-meter; # 136 Rapid U-meter; # 134 
Measurement time; 60 minutes Measurement time; 75 minutes 
Heat flux; 106 mW Heat flux; 76 mW 
Surface temperature; 20,5 ˚C Surface temperature; 20,75 ˚C 
 
Case 7-New part of the building Case 8-New part of the building 
Room; Class room 154 Room; Class room 154 
Direction and element type: North and Solid 
wall 
Direction and element type: North and 
Solid wall 
Rapid U-meter; # 133 Rapid U-meter; # 132 
Measurement time; 95 minutes Measurement time; 55 minutes 
Heat flux; 155 mW Heat flux; 59 mW 
Surface temperature; 20,25 ˚C Surface temperature; 20,0 ˚C 
 
Case 9 -New part of the building Case 10-New part of the building 
 
Room; Class room 154 Room; Class room 154 
Direction and element type: East and Solid 
wall 
Direction and element type: East and Win-
dow 
Rapid U-meter; # 135 Rapid U-meter; # 130 
Measurement time; 70 minutes Measurement time; 65 minutes 
  
Heat flux; 138 mW Heat flux; 316 mW 
Surface temperature; 20,375 ˚C Surface temperature; 17,5 ˚C 
 
Case 11 -Old part of the building Case 12-Old part of the building 
Room; Class room 203 Room; Class room 203 
Direction and element type: West and Solid 
wall 
Direction and element type: South and win-
dow 
Rapid U-meter; # 138 Rapid U-meter; # 131 
Measurement time; 45 minutes Measurement time; 60 minutes 
Heat flux; 42 mW Heat flux; 166 mW 
Surface temperature; 21,56 ˚C Surface temperature; 19,56 ˚C 
 
Case 13 -Old part of the building Case 14-Old part of the building 
Room; Class room 201 Room; Class room 201 
Direction and element type: West and Solid 
wall 
Direction and element type: North and 
Solid wall 
Rapid U-meter; # 137 Rapid U-meter; # 136 
Measurement time; 90 minutes Measurement time; 65 minutes 
Heat flux; 75 mW Heat flux; 75 mW 
Surface temperature; 20,38 ˚C Surface temperature; 20,81 ˚C 
 
Case 15 -Old part of the building Case 16-Old part of the building 
Room; Class room 204 Room; Class room 204 
Direction and element type: South and win-
dow 
Direction and element type: South and 
Solid wall 
Rapid U-meter; # 134 Rapid U-meter; # 132 
Measurement time; 60 minutes Measurement time; 75 minutes 
  
Heat flux; 223 mW Heat flux; 45 mW 
Surface temperature; 18,63 ˚C Surface temperature; 21,625 ˚C 
 
Case 17 -Old part of the building Case 18-Old part of the building 
Room; Class room 233 Room; Class room 233 
Direction and element type: South and Solid 
wall 
Direction and element type: East and Solid 
wall 
Rapid U-meter; # 135 Rapid U-meter; # 130 
Measurement time; 65 minutes Measurement time; 50 minutes 
Heat flux; 117 mW Heat flux; 52 mW 
Surface temperature; 21,875 ˚C Surface temperature; 21,875 ˚C 
 
Case 19 -Old part of the building Case 20-Old part of the building 
Room; Class room 232 Room; Class room 232 
Direction and element type: South and Solid 
wall 
Direction and element type: South and 
Solid wall 
Rapid U-meter; # 139 Rapid U-meter; # 130 
Measurement time; 55 minutes Measurement time; 60 minutes 
Heat flux; 72 mW Heat flux; 68 mW 
Surface temperature; 21,15 ˚C Surface temperature; 21,2 ˚C 
 
 
Observe no adapters were used for the rapid U-metering tools as the surfaces were smooth.
   
The U-values were calculated with excel using the following formula provided with the Rapid 
U-metering tools. 
 𝑈 − 𝑣𝑎𝑙𝑢𝑒 =
1
𝑅𝑠𝑖+𝑅𝑠𝑒+𝑅𝐴𝐷𝐴𝑠𝑖+𝑅𝑤𝑖𝑛𝑑 𝑐𝑜𝑟𝑟+(
(𝑇𝑖𝑛−𝑇𝑜𝑢𝑡)∗10
𝑃 (5+𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑚𝑊+(𝑠𝑜𝑙𝑎𝑟 𝑝𝑜𝑤𝑒𝑟∗10))
)
 
Where  
  
• Rse is the heat transfer resistance outer wall surface (0.04) 
• RADAsi is a correction factor necessary when measuring with an adapter on the instrument 
allowing measurements on uneven and rough surfaces and the numeric value is -0.13. 
• Rwindcorr is the wind correction necessary for high precision measurements and in the case 
that the measured wind speed is significantly different than 4 m/s. Wind speed corrections 
are given in table 2. 
• Tin is the inner wall surface temperature measured by the instrument 
• Tout is the outdoor air temperature 
• A is the area measurement area covered by the U-value meter (0.01m2) 
• P is the overheat supplied to the measurement position and thus consisting of the heating 
power registered by the U-value meter upon completing successfully a measurement, heat 
generated and released by the instrument control electronics and solar Is simply referring 
to the solar radiation. Solar radiation should be added on very limited and advanced situa-
tions and when measuring U-values for transparent building elements. 
• Include always to measured mW additionally 5 mW heating power as the instrument con-
trol electronics is producing respective amount of heat. With respect to solar radiation the 
measured value as W/m2 should be multiplied with 10. 
Influence of wind speed on the heat transfer surface resistance in outdoor conditions (Rse) 
Wind speed 
m/s 
Rse-wind 
m2*K/W 
Additional correction value Rse-wind corr 
m2*K/W 
0 0.13 0.09 
0.5 0.11 0.07 
1 0.08 0.04 
2 0.06 0.02 
3 0.05 0.01 
4 0.04 0 
5 0.04 0 
7 0.03 -0.01 
10 0.02 -0.02 
 
Solar radiation is only considered in the windows’ calculations. The calculations were made 
with an excel tool. The used calculation formulas can be checked from the excel file. 
 
In the following pages are the results from the U-value measurements presented above. The 
cases that involves windows are cases 1,10,12 and 15, from which 1 and 10 are from the new 
part of the school. Cases 1-10 are from the new part of the school and cases 11-20 are from 
  
the old part of the school. Measured values that are below design values are marked with 
green and measured values that exceed the design values are marked with red and are under-
lined. 
Measured U-value is the field measurements from the U-value from the U-value measure-
ments. 
Design U-value is the U-value obtained from the design plans. 
Building regulation’s U-value is the maximum U-value for the building part in question when 
the building was constructed. 
 
 Case 1 U-values (window)     
Measured U-value:  Design U-value:   Building regulation’s U-value: 
𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 2,07 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 1.4 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 2.1 W/m²K
   
Case 2 U-values  
Measured U-value:  Design U-value:   Building regulation’s U-value: 
𝑈 − 𝑣𝑎𝑙𝑢𝑒 =   0,89 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.27 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.28 W/m²K
   
     Case 3 U-values   
Measured U-value:  Design U-value:   Building regulation’s U-value: 
𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0,73 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.27 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.28 W/m²K
  
     Case 4 U-values 
Measured U-value:  Design U-value:   Building regulation’s U-value: 
𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0,26 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.27 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.28 W/m²K
   
Case 5 U-values   
Measured U-value:  Design U-value:   Building regulation’s U-value: 
𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0,58 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.27 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.28 W/m²K
   
Case 6 U-values 
Measured U-value:  Design U-value:   Building regulation’s U-value: 
𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0,43 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.27 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.28 W/m²K
   
 
  
Case 7 U-values     
Measured U-value:  Design U-value:   Building regulation’s U-value: 
𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0,81 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.27 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.28 W/m²K
   
Case 8 U-values 
Measured U-value:  Design U-value:   Building regulation’s U-value: 
𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0,36 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.27 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.28 W/m²K
   
Case 9 U-values     
Measured U-value:  Design U-value:   Building regulation’s U-value: 
𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0,85 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.27 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.28 W/m²K 
 
Case 10 U-values (window) 
Measured U-value:  Design U-value:   Building regulation’s U-value: 
𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 1,91 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 1.4 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 2.1 W/m²K
   
Case 11 U-values     
Measured U-value:  Design U-value:   Building regulation’s U-value: 
𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0,28 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.35 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.35 W/m²K 
 
Case 12 U-values  
Measured U-value:  Design U-value:   Building regulation’s U-value: 
𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 1,59 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 1.4 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 2.1 W/m²K 
 
Case 13 U-values     
Measured U-value:  Design U-value:   Building regulation’s U-value 
𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0,43 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.35 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.35 W/m²K
  
Case 14 U-values 
Measured U-value:  Design U-value:   Building regulation’s U-value: 
𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0,48 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.35 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.35 W/m²K 
 
  
Case 15 U-values     
Measured U-value:  Design U-value:   Building regulation’s U-value: 
𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 1,68 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 1.4 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 2.1 W/m²K
   
Case 16 U-values 
Measured U-value:  Design U-value:   Building regulation’s U-value: 
𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0,26 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.35 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.35 W/m²K 
 
Case 17 U-values     
Measured U-value:  Design U-value:   Building regulation’s U-value 
𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0,59 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.35 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.35 W/m²K
  
 
Case 18 U-values 
Measured U-value:  Design U-value:   Building regulation’s U-value: 
𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0,29 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.35 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.35 W/m²K 
 
Case 19 U-values     
Measured U-value:  Design U-value:   Building regulation’s U-value: 
𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0,4 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.35 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.35 W/m²K
  
 
Case 20 U-values 
Measured U-value:  Design U-value:   Building regulation’s U-value: 
𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0,38 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.35 W/m²K 𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0.35 W/m²K 
 
The following average U-values for the different building structures in the Kantvik school are 
calculated through the 20 measured U-value cases presented above.  
 
Average U-value for old part’s wall   Average U-value for old part’s window 
Results from the measurements   Results from the measurements 
𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0,39 W/m²K   𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 1,636 W/m²K 
  
 
Average U-value for new part’s wall   Average U-value for new part’s window 
Results from the measurements   Results from the measurements 
𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 0,61 W/m²K   𝑈 − 𝑣𝑎𝑙𝑢𝑒 = 1,989 W/m²K 
 
 
Conclusions and recommendations 
The building has already had one major renovations during the building’s lifetime. The build-
ing’s roof insulation has been thermally retrofitted some years ago. This improved the U-value 
of the roof and decreased the heating costs for the building. Next should the building’s wall 
should be thermally retrofitted, and the windows should be replaced to decrease the heating 
costs for the building. This report shows some typical U-values for the building’s wall construc-
tions.  
As seen from the measured data above do the measured data differentiate from the design 
data and building regulation of the construction time. This difference should be considered 
when the building’s LCC and energy calculations are made. The biggest differences are at the 
new part of the school where the measured U-values are in general doubled of the design data 
and higher than the old part of the school’s U-values. The old part of the school’s U-value vari-
ation is far smaller than the new part of the school’s U-values and old part’s U-values are com-
parable with the design data. 
 
Niklas Wiik/29.11.2019 
 
